*79-33229 


(* AS A -CP-16 1 293-Yol- 2) EXTRATERRESTRIAL 
PROCESSING AND HANOFACTORING OF LARGE SPACE 
SYSTEMS, VOLOME 2, CHAPTERS "»-14 AND 
APPENDICES Final Report (Hassachosett s Onclas 

Inst, of Tech.) 482 p HC A21/MF A01 G3/12 35955 

IMMiM UUINIKrtOlUK 

REPORT 


NASA CR-161293 


EXTRATERRESTRIAL PROCESSING AND MANUFACTURING OF 
LARGE SPACE SYSTEMS, Volume II 

By Space Systems Laboratory 
Department of Aeronautics and Astronautics 
Massachusetts Institute of Technol 
Cambridge, Massachusetts 02139 


September 1979 


Final Report 



Prepared for 

NASA- George C. Marshall Space Flight Center 
Marshall Space Flight Center, Alabama 35812 



TABLE OF CONTENTS 


VOLUME 2: CHAPTERS 7-14 , 

ADDENDUMS & APPENDIX 

Section Page 


CHAPTER 7: PRODUCTION EQUIPMENT SPECIFICATIONS 


7.1 

General Remarks 

7.1 

7.2 

Metals Furnaces and Casters 

7.12 

7.3 

Ribbon and Sheet Operations 

7.37 

7.4 

Insulated Wire Production 

7.65 

7.5 

DC-DC Converter Production 

7.72 

VO 

• 

Klystron Production System 

7.77 

7.7 

Waveguide Production Equipment 

7.82 

7.8 

Solar Cell Factory 

7.107 


CHAPTER 8: SMF SUPPORT EQUIPMENT 


8.1 

General Remarks 

8.1 

8.2 

Input/Output Station 

8.4 

8.3 

Internal Transport System 

8.6 


8.3.1 Overview 

8.6 


8.3.2 Magnetic Transporter System 

8.9 


8.3.3 Internal Storage Device 

8.16 

8.4 

Crawler System 

8.19 

8.5 

Powerplant Equipment 

8.23 

8.6 

Production Control 

8.26 


8.6.1 Control Structure 

8.26 


8.6.? Quality Control Concepts 

8.29 


8.6.3 Inventory 

8.31 

8.7 

Habitation 

8.33 

00 

» 

CO 

Station-Keeping Equipment 

8.38 

8.9 

SMF Structure 

8.38 


CHAPTER 9: MAINTENANCE AND REPAIR 


9.1 

General Remarks 

9.1 

9.2 

Repair Options Tradeoffs 

9.2 

9.3 

Repair Shop 

9.4 

9.4 

Free-Flying Hybrid Teleopera^or 

9.5 


CHAPTER 10: LINE ITEM COSTING 


i 



TABLE OF CONTENTS 


( Conti nued) 

Section P fl 9g 


CHAPTER 11: OPTIMUM BUILDUP SCENARIO 

CHAPTER 12: TECHNOLOGY EVOLUTION PROGRAM 

12.1 General Remarks 12.1 

12.2 R&D: Metals Furnaces and Casters 12.8 

12.3 R&D : Ribbon and Sheet Operations 12.11 

12.4 R&D: Insulated W ire Production 12.15 

12.5 R&D: DC-DC Converter Production 12.17 

12.6 R&D: Klystron Production 12.19 

12.7 R&D: Solar Cell Production 12.21 

12.8 R&D: Waveguide Production 12.29 

12.9 R&D: Support Equipment 12.33 

CHAPTER 13: POSSIBLE SYSTEMS TRADEOFFS 

13.1 Introduction 13.1 

13.2 Optimization of Product for Use 13.1 

of Lunar Materials 

13.3 Effect of SPS Mass Increase 13.2 

13.4 Tradeoffs in Lunar Refining 13.3 

13.5 Transportation From the Moon 13.5 

13.6 SMF Production Control Tradeoffs 13.6 

13.7 Waste Reprocessing at the SMF 13.8 

13.8 SMF Buildup Sequence 13.9 

13.9 LocationofFacilities 13.10 

CHAPTER 14; CONCLUSIONS AND RECOMMENDATIONS 

14.1 Conclusions 14.1 

14.2 Recommendations 14.2 


REFERENCES 



TABLE OF CONTENTS 


( Continued ) 

Section Page 



ADDENDUM I: DIRECT VAPORIZATION 

EXPERIMENTS 


1.1 

Introduction 


1.1 

1.2 

Apparatus 


1.3 

1.3 

Experimental Procedure 


1.8 

1.4 

Resul ts 


1.8 

1.5 

Discussion of Results 


1. 11 

1.6 

Conclusions and Recommendations 


1.13 


ADDENDUM II: AUTOMATION AT 

THE SMF 


II. 1 

Introduction 


II. 1 

II. 2 

General Concepts of Automation 


II. 1 

II. 3 

Computer Control System Requirements 

II. 3 

II. 4 

Exampl es 


11.14 

II. 5 

References 


11.25 


APPENDIX: COMPUTER PROGRAM 

LISTING 


A. 1 

Program SMFCOST 


A2 

A. 2 

Program SPSLP 


A37 

A. 3 

Program SCFCOST 


A50 


i i i 



CHAPTER / 


PRODUCTION EQUIPMENT SPECIFICATIONS 
7.1 : GENERAL REMARKS 

Figures 7.1, 7.2, and 7.3 show the overall layout of the 
reference SMF. The diagrams serve to illustrate the likely 
relative positions and dimensions of the different sections of 
the facility. Figures 7.1 and 7.2 are "top" and "side" views, 
respectively, of the SMF, drawn to the same scale. These fig- 
ures illustrate the planar shape of the facility. Figure 7.3 
is an "end" view of the facility, drawn to a larger scale to 
show some of the detail of the components and solar cell manu- 
facturing areas. 

Several features are omitted from t^e figures for clarity. 
Figures 7.1, 7.2, and 7.3 do not show the thermal waste radi- 
ators for the components factory, above and below that factory; 
the solar cell deposition radiators which collectively cover 
roughly half of the top and the entire bottom of the solar cell 
factory; the active radiators for the waveguide factory, above 
and below that factory; the support structure holding the ma- 
chinery together within the factories; and the internal trans- 
port tracks between all of the SMF sections. Part of one of 
the two habitat radiators is shown in Fig. 7.1, and the sup- 
port truss for those radiators is partially seen in Figs. 

7.2 and 7.3. When the various radiators for the SMF are in- 
cluded, they cover much of the top and bottom surfaces of the 
facility. Since most of these radiators are 1 -mm thick alumi- 
num sheets, they protect the SMF equipment and personnel from 
mi crometeor i tes . 
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FIGURE 7.1: "TOP" VIEW OF REFERENCE SMF 




FIGURE 7.2; "SIDE" VIEW OF REFERENCE SMF 
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FIGURE 7.3: "END" VIEW OF REFERENCE SMF 




The solar array, partially shown in Figs. 7.1 and 7.2, is 

omitted from Fig. 7.3. This array shades the rest of the facil 

i ty from direct sunlight, reducing the thermal input to the 

SMF. The array produces baseload power for the entire SMF. 

The reference SMF design requires 240 MW for its operation, 

which, assuming a solar cell efficiency of 12. 5£, equates to 

2 

an array area of 1.4 km . The solar cell array is the only 
section requiring close pointing to the Sun (+ T). The rest 
of the factory does not require close attitude control, but 
should stay in the shadow of the solar array to alleviate 
heat waste problems and thermal deformations. 

The array is connected via a flexible joint (including 
flexible power cables) to a central mast extending down the 
length of the facility. The imst serves three functions: 

1) It acts as a structural mast to which the solar array and 
other sections of the factory are attached. (The factory 
sections are attached by joints which use active damping sys- 
tems to prevent vibrations being transmitted through the facili 
ty.) 2) It carries the main busbars and power conditioning 
equipment for the SMF. 3) It is designed to allow transpor- 
ters travelling between the solar cell factory and the rest of 
the facility to pass through it. 

The SMF production machinery is conceptually divided into 
three areas: the components factory (which produces all com- 

ponents other than solar cells and waveguides), the solar cell 
factory, and the waveguide factory. The components factory 
produces klystron assemblies, structural member ribbon, busbar 
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strips, DC-DC converters, electrical wire and cables, DC-DC 
converter radiators, end joints, and joint clusters. This 
factory is located adjacent to the input/output station (at 
the left of Fig. 7.1). Details of the factory layout are shown 
in Fig. 7.4, and the production equipment designs are described 
in Secs. 7.2 through 7.6 of this chapter. As shown in Fig. 7.3, 
the layout of this section is essentially planar, except for 
the wheel-like internal storage devices. Omitted from the 
views of the components factory are the waste heat radiators 
located above and below it. 

The waveguide factory is shown in Fig. 7.1, adjacent to 
the zone refining area. The factory is designed to allow the 
minimum of handling of the thin foamed glass sheets from which 
IV* </egu i des are formed. The details of the waveguide pro- 
duction processes are discussed in Sec. 7.7. 

The single largest section in the reference SMF is the 
solar cell factory (shown in Figs. 7.1, 7.2, and 7.3, and 
shown in a larger seal top view in Fig. 7.5). The solar 
cell factory consists of two major structural units, one con- 
taining the zone refining and interconnect deposition sections, 
and the other the deposition and assembly equipment for the 
solar cell array production. Each of these structural units 
is attached to the central mast at several discrete points. 

The connections are flexible and include active damping sys- 
tems to keep vibrations from propagating into the solar cell 
factory, which might damage the fragile solar cells. The con- 
nections between the central mast and the sections of the 
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FIGURE 7.4: LAYOUT OF COMPONENTS FACTORY 





solar cell factory also carry electrical busbars and internal 
transport tracks. The transport tracks bring inputs to the 
factory, move seme of tne intermediate products within the 
factory, and remove the output solar cell arrays. 

Routine feeding and maintenance of the sr^ar cell deposi- 
tion and assembly processes is done by 'crawlers* running along 
tracks above the planar factory. More complex repairs are per- 
formed by Free-flying Hibrid Teleoperators (FHT’s), The craw- 
ler tracks are shown as horizontal lines . ;» rig. 7 .5. The 
crawlers take inputs from, and load output -‘".o the SMF's in- 
ternal transport carts. The production lines for deposition 
and assembly of the solar cells run perpendicu'arly to the 
crawler tracks (and thus perpendi cul arly to the central mast). 
No radiators for the so^r cell factory are shown, but those 
for the zone refining and interconnect deposition section 
are above and below that section; those for the electron beam 
guns in the deposition sections are above those s. ns; 
those for the thermal belts in the deposition sections are 
below the deposition and assembly section, covering the 
underside of that section. The solar cell factor ’• ('escribed 
in detail in Sec. 7.8. 

Also shown in Figs. 7.1, 7.2, and 7.3 are support areas 
such as the input/output station, habitat, and repair shops. 
These are described in detail in Clap. 8. 

This chapter includes tabulated specifications, physical 
descriptions, and diagrams of each machine in the reference 
SMF design. Sections 7.2 through 7.8 discuss equipment. 
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grouped by major SMF operations (subsections of components manu- 
facture, waveguide manufacture, sol ar cell manufacture). Each 
section begins with a genereal description of the production 
processes, followed by data on individual machines. 

Associated with each machine are: a specifi cation sheet 

(listing machine mass, physical dimensions, throughtput per 
machine, power requirements, and the contribution of each 
component to mass and power requi rem'nts) , diagram(s), and a 
written description of the machine's operation. 

Terms used in the specification shee T are defined as 
fol 1 ows : 

Mass of machine -- total mass of one machine. 

Throughput per machine -- mass of components produced by 
each machine per year. 

Power requirements -- power required to operate each 
machine. 

Number of machines -- number of this type of machine in 
the reference SMF. 

Number of operators -- number of crew required to operate 
the machine (during its duty cycle). 

Components -- elements which compose the machine. 

Number per machine -- number of this type of component 
per machine. 

Mass -- mass of each component. 

Power required -- power required for operation of each 


component . 
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The written description explains the function of each 
component, the ooeration of the machine, and the rationale 
used in the sizing and costing processes. 
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7.2: METALS FURNACES AND CASTERS 

7.2.1 Overview : Figure 7.6 Is a detailed top view of the 

components factory. The shaded areas highlight the machinery 
described In this section. Four furnaces -- one producing 
6063 aluminum alloy, one producing molten aluminum, one pro- 
ducing SENDUST alloy, and one producing molten Iron — are 
used. The furnaces are fed with rods Imported from the lunar 
surface, which are heated as they enter. Mixing of the melt 
Is accomplished by electro-magnetic induction. The resultant 
liquid metals are pumped by electromagnetic pumps along pipe- 
lines for further processing. 

As shown In the figure, molten iron, molten aluminum, and 
6063 aluminum alloy are delivered to die casters. These de- 
vices each consist of a central piston chamber which sequen- 
tially feeds molten metal through a set of valves to a series 
of molds. Active cooling systems are used to cool the castings, 
and the solidified workpieces are ejected from the molds. 

Parts produced in this manner are solenoid cores, klystron 
housings, manifold parts, end joints and joint clusters. The 
SENDUST alloy is fed to a specialized caster which is used to 
produce the transformer cores for DC-QC converters. 

Molten aluminum and 6.63 alloy are also fed into a con- 
tinuous caster, which produces 2 cm thick ribbon that is cut 
into slabs by a high power electron beam gun. The slabs are 
dispatched to the ribbon and sheet operations section, descri- 
bed in Sec. 7.3. 
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7.2.2 Aluminum Alloying Furnace: The a 1 umi num all oyi ng furnace 


Is designed to take in rods of pure aluminum (6.4 cm diameter), 
melt them, and produce liquid metal at 800°C. Aluminum 6063 
alloy may be produced by the addition of 1.7 cm diameter Mg rods 
and 1.3 cm diameter Si rods. 

The furnace body is made of slip-cast, nitride bonded si- 
silicon carbide, a refractory material resistant to corrosion 
by liquid metals. The A1 , Mg, and Si rods are fed Into the 
furnace through vapor sleeves, and pre-heated with copper in- 
duction coils. Induction heating continues as the rods are 
submerged into the melt. The mean residence time in the al- 
loying chamber for 6063 alloy is 2 minutes. During this time, 
induction coils act to mix the liquid metal. The maximum 

4 

production rate for one furnace is .6 kg/sec or 1.9 x 10 tons 
per year in continuous operation. At capacity, the furnace 
holds 1250 kg of liquid metal. 

The induction coils used to heat and stir the metal in 
the furnace are 75% efficient; 209 kw must be wasted through 
an active cooling system. The study group proposes a system 
which uses liquid sodium to draw heat from the coils and waste 
it through a radiator. Since the coil resistivity increases 
with temperature, a tradeoff exists between increased power 
generation (producing a high temperature) and increased radi- 
ator size (allowing radiation at a lower temperature). The 
radiator is presently designed for an operating temperature 
of about 300°C. 
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FIGURE 7.7: ALUMINUM ALLOYING FURNACE 


Cost estimates for both the aluminum and iron alloying fur- 
naces were developed from consultations with an industrial equip- 
ment costing specialist at Kennecott Copper Co. and a member of 
the research and development division of the Norton Co. 


SPECIFICATION SHEET 

Machine Name: Aluminum Alloying Furnace 

Function of Machine: To produce either molten A1 or A1 alloy 


Mass of Machine: 1215 kg 

Physical Dimensions: 4.8 m length; .7 m maximum diameter 

Throughput/Machine (tons/year): 1.4 x 10 4 


Power Requirements ( KW/machi ne) : 1160 


Number of Machines: 3 
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7.2.3 Iron Alloying Furnace : The iron alloying furnace is 

designed to take in rods of pure iron (6.4 cm diameter) and 
to produce molten iron. With the addition of 2.5 cm diameter 
aluminum rods and 1.3 cm diameter silicon rods, SENDUST alloy 
can be produced. 

The iron furnace is operated in the same fashion as the 
aluminum furnace. The body is made of graphite to provide 
corrosion resistance and the furnace capacity is 3100 kg moving 

4 

at .56 kg/sec or 1.8 10 tons/year. The metal leaves at 
1 600 °C . 


SPECIFICATION SHEET 
Machine Name: Iron Alloying Furnace 

Function of Machine: To produce either molten Fe or SENDUST alloy 

Mass of Machine: 1215 kg 

Physical Dimensions: 4.8 m length; .7 m maximum diameter 

3 

Throughput/Machine (tons/year): 1*9 x 10 

Power Requirements ( KW/machine) : 1160 


Number of Machines: 1 

Number of Operators: 0 
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FIGURE 7.8: IRON ALLOYING FURNACE 


7.2.4 Liquid Aluminum Pipeline : A liquid aluminum pipeline 

is needed for the transport of molten A1 and A1 6063 within 
the SMF. The pipe connects the A1 furnaces to the metal cas- 
ters. The pipes were designed for a maximum throughput of 
.6 kg/sec or 19,000 tons/yr in continuous operation; normal 
throughput is 10,300 tons/yr. 

The pipes are made of silicon carbide in a nitride matrix 
and are sized to survive handling stresses. Consultations 
with experts in industry resulted in the selection of a 6 mm 
pipe wall thickness. Six layers of foil insulation prevent 
cooling or solidification of the metal. The number of layers 
of foil was found by using the equation: 

Q = eoT* [j(1-r)] n 

where e is emissivity, o is the Stephan-Bol tzmann constant, 
n Is the number of foil layers, r is the reflectivity, and 
Q is the power radiated away through the insulation. Because 
of the high temperatures involved the first two layers should 
be titanium and the other four layers should be aluminum. 

Electromagnetic pumps (see Fig. 7.9 ) provide the pressure 
necessary to force liquid metal through the pipe. These work 
by passing direct current through the liquid metal at right 
angles to a magnetic field. This produces a force on the fluid. 
The pumps will have metal contacts (tungsten alloy) extending 
Into the fluid. The pumps may also be designed to provide heat 
if any cooling does occur. The size of the pump was determined 
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from current Industrial pump sizes, and by calculation of the 
fluid flow rate and pressure needed. Costing for pumps was 
done by comparison with pumps used by the nuclear power in- 
dustry. Cost estimates for the pipeline itself were also 
based on information about currently available materials. 

R & D for the pipeline should include long term exposure of 
the materials to vacuum and corrosion resistance testing. 

Silicon Nitride 



FIGURE 7.9: LIQUID ALUMINUM PIPELINE 
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SPECIFICATION SHEET 


Machine Name: Liquid Aluminum Pipeline 

Function of Machine: To transport liquid A1 within the SMF 

Mass of Machine: 115 kg 

Physical Dimensions: 30 m x .2 m; 6 mm wall thickness 
Throughput/Machine (tons/year): 1.03 x 10 4 

Power Requirements (KW/machine) : .01 
Number of Machines: 4 ^ <u 

U C 

Number of Operators: 0 -o-e 

Components: 
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7.2.5 Liquid Iron Pipeline : The iron pipeline moves liquid 

iron or SENDUST alloy from the i.'on furnace to the die caster 
The iron pipeline is made of graphite to provide corrosion re 
sistance. Like the aluminum pipeline, the maximum flow rate 
Is .6 kg/sec; however the iron pipeline will only be required 
to carry 1900 tons/year in mormal operation. 

For costing information and other details see Sec. 7.2.4 
"Liquid Aluminum Pipeline". 
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FIGURE 7.10: LIQUID IRON PIPELINE 


SPECIFICATION SH!E T 
Machine Name: Liquid Iron Pipeline 

Function of Machine: To transport liquid Fe within the SMF 

Mass of Machine: 75 kg 

Physical Dimensions: 30 m x .2m (incl. foil Insul.); 2mm wall 

3 

Throughput. 'Machine (tons/year): 1.3 x 10 

Power Requirements (KW/machine) ; 0 

Number of Machines: 1 

Number of Operators: 0 
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7.2.6 Continuous Caster : The continuous caster is designed to 


produce aluminum slabs from liquid aluminum. Continuous cas- 
ting is especially suitable for use in space because it can 
produce uniform slabs in the absence of troublesome convection 
currents induced by gravity. The caster consists of a mold 
and a heat removal systems which circulates a quantity of li- 
quid sodium coolant between the mold and a radiator. 

The caster width is sized for structural member ribbon pro- 
duction: each slab has cross-section .70 x .02 meters. After 

rolling, the width increases to .735 meters, the width required 
for structural member ribbon. The 2-cm mold thickness Is the 
result of trading off the ease of liquid metal injection and 
the ease of rolling the resultant slabs. The search for a mate 
rial that is both highly conductive (for heat removal) and re- 
sistant to liquid A1 corrosion resulted in the selection of 
g-aphite as a mold material. 

The cooling system is designed to cool the metal from 800°C 
at a rate of 1 kg/sec (or 3.2 x 10 4 tons/year) operating at 
maximum capacity. Cooling fluid flows in sheets across the 
upper and lower surfaces of the mold. The temperature of the 
coolant must be high enough to allow effective heat radiation 
to space and low enough to prevent the formation of defects in 
the slabs (which requires a large thermal gradient in the mold) 
Liquid sodium, used on Earth for cooling at high temperatures, 
has the advantages of high heat capacity and established pum- 
ping and piping technology. Therefore the system is designed 
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to allow sodium to enter the cooling jacket at 200°C and leave 
at 400°C. At a throughput of 1 kg/sec of metal, liquid sodium 
must flow at a rate of 2.8 kg/sec, removing 725 kW of power. 

A radiator of 1 mm thick aluminum with an area of 180 m radi- 
ates away heat from the sodium at an effective temperature of 
275°C . 

Cost estimation for the continuous caster was aided by con- 
sultation with experts on sodium cooling systems presently used 
in nuclear reactors. Such systems, the study group was told, 
have virtually a 100% duty cycle. 

SPECIFICATION SHEET 
Machine Name: Continuous Caster 

Function of Machine: To produce slabs of A1 or A1 6063 alloy 

Mass of Machine: 890 kg 


Physical Dimensions: .8 m length; .7 m width; 

4 

Throughput/Machine (tons/year): 3.65 x 10 
Power Requirements (KW/machine) : 20 
Number of Machines: 2 
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FIGURE 7.11: CONTINUOUS CA:TER 



7.2.7 Aluminum Slab Cutter : Aluminum emerging from the con- 

tinuous caster is cut into slabs w*th cross-secticns .70 m x 
.02 m, and lengths varying according to the needs o later 
production processes. The cut is made by a heavy duty elec- 
tron beam gun as shown in Fig. 7.12. The device operates at 
a power level of 128 kg to cut the 2 cm thick casT aluminum 
at a rate of 4.2 cm/sec. This assumes typical efficiencies 
of 50% in the gun and 502 In the sublimation of the metal. 

In an electron beam gun, a tungsten filament is heated 
to incandenscence, causing electrons to boil off. The elec- 
trons are formed into a beam and accelerated by a potential 
of several hundred thousand volts through a cylindrical anode 
The electrons are focused by an electromagnetic lens to a 
0.1 - 1 mra spot on the slab where they release their kine- 
tic energy, vaporizing the material in the cutting area. De- 
flection coils provide some lateral movement of the focal 
point, but the gun also moves along a track inclined at 50 
to the direction of motion of the slab, therby making a per- 
pendicular cut across the slab. 

Vacuum is the tist condition for EB cutting operations, 
since the electron beam is dispersed by collisions with any 
gas molecules. Vacuum requirements are the main reason why 
lasers are more commonly used for beam cutting on earth: elec 
tron beam guns, however , are more energy-efficient ard pene- 
trate deeper. 
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FIGURE 7.12: ALUMINUM SLAB CUTTER 


The only consumable item in an EB gun is the tungsten 
filament which must be replaced every 8 hours (in a cutting 
gun) because of contaminating vapor from the bombarded mate- 
rial. A refill magazine of 20 filaments and a spare cathode 
Is mounted directly on the gun and automatically replaces a 
filament when one goes out. 

Electron beam guns require a closed current loop to re- 
turn the electrons to the cathode. Therefore, they can only 
be used on conductive materials, or the quick build-up of 
negative charge at the Impact point will repel the electron 
beam, and the build-up of positive charge in the cathode will 
eliminate the potential difference accelerating the electrons. 
In slab cutting, electrons are returned to the gun via a metal 
brushjsweeping across the slab surface next to the cutting zone. 

Above 10KW power input, an EB gun probably cannot be ef- 
fectively cooled by a passive radiator. An active cooling 
system employing liquid sodium is therefore used. Assuming 
a difference of 100°K between the input and output temper- 
atures, .5 kg/sec of liquid sodium must circulate through the 
gun. 

Accelerating voltage, focusing current, beam current, 
lateral sweep speed, and gun-to-slab distance are all con- 
trol parameters of a gun. By increasing the accelerating 
voltage or focusing current, the size of the focused spot 
can be decreased, causing deeper penetration. Increasing 
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the beam current or decreasing the sweep speed will also in- 
crease DV penetration. The distance between the slab and 
gun will also affect the intensity of the focused spot since 
the greater the traveling distance, the higher the space- 
charge repulsion effect, which 'spreads out' the electron In 
the beam. Reference 7.1 discusses numerical control of an 
EB gun. 


SPECIFICATION SHEET 
Machine Name: Aluminum Slab Cutter 

Function of Machine: To cut A1 slabs (outputs of continuous caster) 
Mass of Machine: 96 kg 

Physical Dimensions: 2mxl.5mx2m 
Throughput/Machine (tons/year): — 

Power Requirements (KW/machine) : 130 

Number of Machines: 2 

Number of Operators: 0 
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7.2.8 A1 and Fe Die Casters : Casting on Earth is accomplished 

by ladling liquid metal Into a sleeve, then driving It into a 

g p 

metal mold with a piston at high pressure (lb x 10 N/m ). 

To adapt this process for use in space, a valve is placed 
near the entrance to the sleeve (see Fig. 7.13). In order to 
cast many pieces efficiently, the study group has designed a 
system in which several molds can be fed by one piston and 
one liquid metal pipeline. The charging of the molds Is con- 
trolled by valves at one end of the piston sleeve. An active 
cooling system circulates fluid around each mold. Once the 
casting in a mold has solidified, the mold is opened, allowing 
the casting to be removed to a storage frame. Castings pro- 
duced by the die caster include: solenoid poles, solenoid 
cores, klystron housings, manifold parts, end joints and joint 
clusters . 

Cost estimates for the die caster were based on the as- 
sumption that an earth-based die caster could be reduced in 
mass by at least!50? when redesigned for space use. 

i 

Two such die casters are used in the reference SMF; one 
for the production of aluminum and aluminum alloy components, 
the other for the casting of iron pole pieces for klystrons. 

The aluminum die caster produces manifold parts, klystron 
housings, solenoid cores, end joints, and joint clusters. Of 
the 19 molds, 5 are devoted to the production of alloy end 
joints and joint cl usters, wh i ch require approximately 70 hours 
of production time per year (assuming one molding every two 
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minutes). The remaining 14 molds are used in the manufacture 
of aluminum products. 

The iron die caster Is used to produce the soft iron so- 
lenoid pole pieces required for klystron production (448,000 
per year). One mold is used in the production process. 


SPECIFICATION SHEET 
Machine Name: A1 Die Caster 


Function of Machine: To cast parts from liquid A1 and A1 alloy. 

Mass of Machine: 35,500 kg 

Physical Dimensions: 6mx6mx4m 

3 

Throughput/Machine (tons/year): 4.1 x 10 

Power Requirements (KU/machine) : 290 


Number of Machines: 1 
Number of Operators: *25 
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SPECIFICATION SHEET 
Machine Name: Fe Ole Caster 

Function of Machine: To cast parts from liquid Fe 


Mass of Machine: 3150 kg 

Physical Dimensions: 4mx3mx4m 

Throughput/Machine (tons/year): 800 
Power Requirements (KW/machlne) : 23 


Number of Machines: 1 
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7.2.9 Transformer Core Caster: Because the transformer cores 


are much larger than the other die cast parts, a separate 
facility has been designed for their production. This facility 
will be operated in the same fashion as the die caster. 

The mold must measure 1x2x3 meters. After cooling, 
an operator removes the casting from the mold and delivers 
it to a storage area. 

Mass estimates for this device are based on a scaling up 
of the die caster (see Sec. 7.2.8). 



FIGURE 7.14: TRANSFORMER CORE CASTER 


7.35 



SPECIFICATION SHEET 


Machine Name: Transformer Core Caster 

Function of Machine: To cast transformer cores 

* i ♦ 

Mass of Machine: 11,500 kg 

Physical Dimensions: 1 m x 2 m x 10 m 

3 

Throughput/Machine (tons/year): 1.1 x 10 

Power Requirements (KW/machlne) : HO 

Number of Machines: 1 

Number of Operators: - 04 
Components : 
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7. 3; RICBQN AND SHEET OPERATIONS 

7.3.1 Overvie w: Figure 7.15 shows a top view of the ribbon 

and sheet operations section of che components factory. 

Slabs of 6063 A1 alloy and pure aluminum are received at 
the rolling mills from the continuous casters (described in 
Sec. 7.2). 

The alloy Is rolled to a thickness of 1.77 mm and dis- 
patched as a .74 m wide ribbon to the end trimming and welding 
area. Here ends of the ribbon are trimmed square by electron 
beam cutters. The successive ribbons ere welded together to 
form long ribbons, and the long ribbons are wound onto rollers. 
During winding, teflon sheets are placed between successive 
layers of aluminum in order to prevent vacuum welding of the 
ribbon surfaces. The rolls of 6063 alloy are dispatched to 
the output area to be used as structural member ribbon. 

The pure aluminum is rolled to a thickness of 1 mm anu 
dispatched to one of three areas; end trlmminc and welding 
(to be dispatched as busbar strips), sheet trimming 'to be 
cut square by electron beam cutters and used In the formation 
of radiator sheets), or to the ribbon sllcer (to be cut into 
strips for the manufacture of heat pipes). 

Ribbon from the ribbon sllcer is then either: t. imr>,- d 

in the ribbon trimmer and used as heat pipe ribbon in radiator 
assemblies; striated, form rolled and trimmed, and used as 
heat pipe segments In radiator assemblies; formed rolled and 
trimmed (without striatlon) for use as radiator pipe segments 
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In DC-DC converter radiator assembly; or spooled and used as 
electrical wiring. 

Sheets from the sheet trimmer are laid out and electron 
beam welded together to form radiator sheets for the klystron 
and OC-OC converter assemblies. Because of the size of the 
DC-DC converter radiators, they cannot be transported through 
the factory and are therefore assembled close to the dispatch 
area to minimize the handling required. 

The outputs of this section are then: structural member 

ribbon, busbar strips, klystron radiators, aluminum wire, and 
DC-DC converter radiators. The machines used are described 
below. 
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7.3.2 Rolling * 1 1 : To produce sheet for use In structural 

members and ot er products, it is desirable to cold-roll the 
stock to give the sheet greater strength. Unfortunately, an 
attempt to cold-roll aluminum stock to greater than 120X of 
its original length will produce unwanted cracks In the pro- 
duct. The SMF rolling mill Is therefore designed to hot-roll 
aluminum at all stages but the final one. To facilitate hot- 
rolling, the mill receives slabs directly from the caster, at 
500°C. In the event of a production stoppage at the caster, 
heating elements at the entry to the rolling mill are put 
Into operation. These consist of electrodes which pass large 
currents through slabs arriving from storage (see rig. 7.16). 

Once In the mill, slabs first pass through "roughing rol- 
lers" which have vertical as well as horizontal rolls designed 
to maintain the shape of the sheet. Horizontal rolls are 45 cm 
in diameter; vertical rolls are 20 cm in diameter. Finishing 
rollers then produce sheets that are close to the desired size. 
Finally, the sheets may be passed through an active cooling de- 
vice and cold-rolled at 150°C in the final stage. 

The various stages of this rolling milt can be set to 
different roller spacings, thus producing sheet anywhere from 
1 mm to 20 mm thick. In addition, the cold-rolling steps can 
be omitted if structural strength is not required in the pro- 
duct (in this case the product travels through the cooling 
jacket and final rolls unchanged). 
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SPECIFICATION SHEET 


Machine Name: Rolling Mill 

Function of Machine: Production of sheets from slabs 

• < 

Mass of Machine: 187,000 kg 

Physical Dimensions: 17mx2rax5m 
Throughput/Machine (tons/year): 3.65 x 10' 

Power Requirements (KN/machine) : 410 
Number of Machines: 1 

Number of Operators: 0 
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7.3.3 End Trimming, Welding, and Roll Winding : These oper- 

ations are show in Fig. 7.17. Aluminum ribbon (1 mm thick) 
or 6063 A1 alloy ribbon (1.77 mm thick) are fed from the 
rolling mill through the end trimmer. The trimmer consists 
of an electron beam gun which cuts the ends of the ribbon 
"square" (perpendicular to the ribbon edges). Subsequent 
ribbons of the same material and gauge are then EB welded 
end to end. The ribbons produced are wound onto spools with 
teflon sheets between successive layers of aluminum to pre- 
vent vacuum welding. The strips produced by welding are 
660 m long in the case of the 1 mm gauge aluminum destined 
for use as busbars, and of a length suitable for use in a 
beam builder in the case of the 6063 A1 alloy structural mem- 
ber ribbon (1.77 mm thick). 

The teflon used in the rolls is returned to the SMF from 
the SPS assembly site every three months. However, the quan- 
tity of structural member strips produced necessitates an 
Initial stock of 3000 rolls. 
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SPECIFICATION SHEET 


Machine Name: End Trimming & Melding & Roll Minding 

Function of Machine: Creation of structural members and bus- 

• bars from sheet 
Mass of Machine: 840,000 kg 

Physical Dimensions: lmxlmx2m 

Throughput/Machine (tons/year): 12,700 


Power Requirements (KW/machine) : 70 

Number of Machines: 2 

Number of Operators: 0 
Components * 
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7.3.4 Sheet Trimmer: Ribbons to be used in the assembly of 


radiator sheets (see Secs. 7.39 and 7.3.10) are trimmed to 
be precisely rectangular (2.15 x .72 m) by an actively cooled 
electron beam sheet trimmer. The need for precision arises 
because the sheet pieces are later welded together edge-to- 
edge. 

The ribbon, guided by rollers, first passes through two 
edge- trimming EB guns which reduce the strip width to 72 cm. 
The ribbon is then trimmed into 2.15 m long segments by an- 
other EB gun. This second gun cuts through the 1 mm sheet 
sufficiently rapidly to use electronic rather than a mechan- 
ical tracking mechanism. 
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SPECIFICATION SHEET 


Machine Name: Sheet Trimmer 


Function of Machine: Production of sheets for use in klystron 

radiators 

Mass of Machine: 84 kg 

Physical Dimensions: 2m x 1 m x 1 m 

3 

Throughput/Machine (tons/year): 2.4 x 10 
Power Requirements (KW/machlne): 41.5 

Number of Machines: 

Number of Operators 
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7.3.5 Ribbon Slicer : The ribbon slicing operation slices 

narrow strips of 1 mm gauge aluminum for use as electrical 
wires, and wider strips for heat pipe and rad ator manufac- 
ture. 

The metal is sliced by being passed through a pair of 
rollers in a knl fe-and-sl ot configuration, which produces 
wires of varying width (and of square or rectangular cross- 
section). In order to prevent the cold welding of the alu- 
minum as it is wound, the wire is wound onto spools which 
allow no contact between successive layers. The square 
cross-section of the wire produced allows a greater coll 
density to be achieved on winding. 

The strips for heat pipe and radiator manufacture pro- 
duced by the slicing rollers are then sent to the edge-trim 
and welding section described in Sec. 7.3.3. 
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SPECIFICATION SHEET 


Machine Name: 


Ribbon Slicer 


Function of Machine: Production of wire and of strips for use 

fn heat pipes and radiators 
Mass of Machine: 70,000 kg 

Physical Dimensions: 1 m x 1 m x 1 m 


Throughput/Machine (tons/year): 
Power Requirements (KW/machlne) : 
Number of Machines: 1 

Number of Operators: 0 
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7.3.6 Ribbon Trimmer ; The ribbon trimmer is designed to 
square the enas of the heat pipe ribbor (fed from the rib- 
bon slicer and used in klystron heat pipe manufacture). A 
’clean* edge cut is required since a sealed edge joint must 
be formed between the radiator sheet and the ribbon. 

A passively cooled electron beam gun is used ti cut the 
ribbon as sh^wn In Fig. 7.20. The ribbon to be trimmed is 
transported along rollers which position the ribbon so that 
the 'cut' is made perpendici larly to both edges. The cut 
ribbons are 1.6 m long, .125 m wide, and 1 mm thick. The 
power level of the gun Is sufficiently high to cut rap' 'ly 
enough so that a mechnical tracking system is not required. 
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SPECIFICATION SHEET 
Machine Name: Ribbon Trimmer 


Function of Machine: To cut ribbon into segments sized for 

klystron radiator production 
Mass of Machine: 30 kg 

Physical Dimensions:! m x 1 m x 1 m 

2 

Throughput/Machine (tons/year): 7.3 x 10 

Power Requirements (KV/machine) : 4.1 


Number of Machines: 
Number of Operators: 

C omponen cs : 

EB Cutters 

Focusing Device 
Handling Equipment 
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7.3.7 Strlator: The strlator forms the striations which 


will become the capillary return paths in the heat pipes for 
the klystron cooling system. One-millimeter gauge aluminum 
Is passed through the striator as shown in Fig. 7.21. The 
upper roller is configured to produce striations along the 
center section of the Incoming ribbon. In preparation for 
form rolling this ribbon into heat pipe segments (discussed 
In Sec. 7.3.8). 

The machine operates as a rolling mill and Is conven- 
tionally used on Earth in similar operations. One end of the 
ribbon is left unstriated, in order to provide a flat closed 
end for the pipes (see Fig. 7.24). 
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FIGURE 7.21: STRIATOR 
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SPECIFICATION SHEET 
Machine Name: Striator 

Function of Machine: Striation of heat pipe strips 

• t 

Mass of Machine: 20,000 kg 

Physical Dimensions: lmxlmxln 

3 

Throughput/Machine (tons/year): 3.2 x 10 

Power Requirements (KH/machine): 50 


Number of Machines: 1 
Number of Operators: 0 
Components : 
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7.3.8 Form Roller : The form roller is used to shape both 


plain ribbon and striated ribbon into 'hat shaped 1 heat pipe 
and radiator pipe cross sections (as shown in Fig. 7.22). 
However, one tip of the striated segments is lest unrolled 
(the unstriated tip) to provicj a flat 'closed* end for the 
pipes. Plain strips are form rolled alon*, their whole length, 
to form radiator pipe segments for the DC-DC converter radi- 
ators (see Sec. 7.3.10). The form roller assembly also in- 
cludes an electron beam gun, which is used to trim the pipe 
segments after rolling. 




Final Cross-Section 

FIGURE 7.22: FORM ROLLER 
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SPECIFICATION SHEET 
Machine Name: Form Roller 


Function of Machine: Rolling of heat pipe strips into hat- 

shaped cross section 
Mass of Machine: 3000 kg 

Physical Dimensions: 1 m x 1 m x 2 m 

3 

Throughput/Machine (tons/year): 3.3 x 10 

Power Requirements (KW/machine) : 35 


Number of Machines: 



Number of Operators: 
Components : 
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7.3.9 Klystron Radiator Assembly : Figure 7.23 shows the 

production of klystron radiators. Sheet output from the 
rolling mills (.72 x 2.15 m, 1 mm thick aluminum sheets) are 
stored in magazines (separated to avoid vacuum welding). 

Two sheets are simultaneously fed from the magazines and 
along guide tracks to an EB welding station. Here, the 
two sheets are joined at their inner edges to form a plate 
1.44 x 2.15 m (the klystron radiator sheet). The radiator is 
completed by welding into position six heat pipes, stored in 
magazines alongside the tracks. 

Figure 7.24 shows the three principal steps in the attach- 
ment of heat pipes to the klystron radiator sheets. The top 
figure shows an overview of the radiator sheet immediately 
after it has been welded together. Six heat pipe segments 
(only one is shown) are moved from the heat pipe segment maga- 
zines across the radiator sheets until their form-rolled 'open* 
ends extend beyond the sheet, and their flat ’closed' ends sit 
on the sheet. EB welders then weld the segment edges to the 
sheet . 

Next, the open ends of the heat pipe segments are bent 
over (middle figure). This brings the end of the pipes to the 
expected location of the klystron (relative to the radiator 
sheet). Six heat pipe ribbons are then fed from their maga- 
zines, and their ends are welded to the radiator-sheet/heat- 
pipe-segment edge. The ribbons are then bent to fit against 
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FIGURE 7.24: KLYSTRON RADIATOR ASSEMBLY SEQUENCE 




the heat pipe segments, and welded to complete the heat pipes 
(bottom figure). 

The purpose of this assembly sequence is to form heat pipes 
with one continuous piece along thei** entire length -- the heat 
pipe segment. This allows the use of striations along the seg- 
ment as capillary return paths for the heat pipe fluid, avoiding 
the need to insert a return wick in the pipe. The study group 
could not devise a simple, reliable method to connect stri- 
ations across pipe joints, and so developed this continuous 
piece design. 

Should the heat pipes be replaced by fluid pipes (as In a 
recent Boeing SPS design iteration), a similar process can pro- 
duce fluid pipes open at both ends, or a pipe and manifold design 
can be substituted (such as for the DC-DC converter radiators, 
see Fig. 7.25). 

Klystron-radiator-size sheets are also produced without 
attachment of heat pipes, and sent to magazines feeding the 
DC-DC converter radiator assembly (see Fig. 7.25). 
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SPECIFICATION SHEET 


Machine Name: Klystron Radiator Assembly 

Function of Machine: Automated assembly of klystron radiators 

i ' 

Mass of Machine: 636 kg 

Physical Dimensions: 15 m x 1C m x 3 m 

Throughput/Machine (tons/year): -- 


Power Requirements (KW/machlne) : 93 


Number of Machines: 7 

Number of Operators: 0 

Components : 


o» 


Q) 


w c 

0>f- 

w 


i/I 

E o 

i/I 

3 « 

<o 

Z Z 



EB Gun 

49 

■ 3 

1 

Focusing Device 

49 

1 

.5 


2 

1 0 

.5 




Sheet Track & Transport 

6 

10 

.5 

Pipe Segment Magazine & Transport 

6 

10 

.5 

Pipe Ribbon Magazine & Transport 

6 

5 

.5 

Pipe Segment Bender 

6 

30 

1 


Power 
Requl red 





























7.3.10 DC- DC Converter Radiator Assembly : Figure 7.25 shows 

the DC-DC converter radiator assembly system. Sheets of 1 mm 
thick aluminum (from the sheet layout station) are stored In 
a sheet magazine. Seven of these sheets are joined to form 
a strip 10.08 x 2.15 m. Seventeen such strips are joined 
edge-to-edge to form the DC-DC converter radiator sheet. Al- 
though ommltted from the figure for clarity, a number of rol- 
lers help the edge clamps to align the edges of the sheets be- 
fore welding. Also, the EB welders first tack-weld the edges 
in several places, to avoid separation of the pieces due to 
thermal effects during the line-welding. 

As the radiator sheet grows, manifolds and radiator 
pipes are welded onto the surface. The function of the mani- 
fold (a cast piece) is to spread the hot coolant fluid from 
on main feed pipe to nine pipes running along the back of the 
radiator sheet. A similar manifold at the other end of the 
radiator gathers the cooled fluid from the nine pipes and 
channels it into one output pipe. 

The nine radiator pipes are each made from 10 radiator 
pipe segments (3.45 m long) with the cross-section shown in 
Fig. 7.22 but without striations. The pipe segments are po- 
sitioned on’ the sheet from nine overhead magazines, and each 
segment is EB welded into position. 

The finished radiator masses 1421 kg, and is too large 

to travel in the SMF internal transport system. Therefore 

this assembly station is located near the docking area, and 
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the long manipulators used for docking and cargo loading and 
unloading move the finished radiators into the output ship- 
ping containers. 

SPECIFICATION SHEET 

Machine Name: DC-DC Converter Radiator Assembly 

Function of Machine: Automated assembly of DC-DC 

converter radiators 
Mass of Machine: 585 kg 

Physical Dimensions: 45m x 15m x 3m 

Throughput/Machine (tons/year): — 

Power Requirements (KW/machine) : 50 


Number of Machines: 1 
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7.4; INSULATED WIRE PRODUCTION 

7.4,1 Overview : Figure 7.26 shows the insulated wire pro- 

duction section of the components factory. Insulating fibers 
are produced by drawing m«lten S-giass through a multi-hole 
die. The strands are then wound onto spools which are 'n 
turn loaded onto the winding machinery. Aluminum wire -- pro- 
duced as described In Sec. 7.2 -- Is wrapped with the glass 
fibers by eight 'weaving' machines. The wire produced is 
dispatched for use either as DC-DC converter transformer 
co. s s or as klystron solenoid coils. 
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FIGURE 7.26: INSUlATED WIRE PRODUCTION LAYOUT 






7.4.2 Glass Fiber Producer : The glass fiber producer draws 

fibers from a molt to produce Insulation. The lunar Input Is 
In the form of a glass rod 6.4 cm in diameter and 8 m in 
length. The glass, known as S-glass, is composed of 652 Si0 2 , 
25$ A1 2 0 3 and 10$ MgO, all of which are available on the moon. 
The fibers produced are 20 microns in diameter. 

The fiber producer consists of a platinum-iridium-osmium 
alloy tube (2 cm thick) with a 20-hole die at the end (see 
Fig. 7.27). The tube uses resistance heating coils to heat 
the glass to about 1700 K. A compressed gas piston is used 
to drive a plunger into the tube. The fiber producer was 
sized for output of fibers at bO m/sec. The piston and com- 
pressor masses were based on those of currently available 
machinery. 

The fibers produced are wound onto spools and transported 
to the insulator winding facility. 
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FIGURE 7.27: GLASS FIBER PROOUCER 




SPECIFICATION SHEET 


Machine Name: Glass Fiber Producer 

Function of Machine: To produce glass fibers 

• * 

Mass of Machine: 400 kg 

Physical Dimensions: 20 m x 1 m x 1 m 

Throughput/Machine (tons/year): 25 
Power Requirements (KM/machine) : 9.0 


Number of Machines: 61 
Number of Operators: 0 
Components: 
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7.4.3 Insulation Hinder : The wire Insulation wrapper draws 

aluminum wire from a spool and glass fibers from other spools. 
It then wraps the wire with fibers in a pattern similar to 
that of the outer wire of a coaxial cable. The insulated 
wire is then spun onto an output spool and stored. 

The cost estimates were based on prices of industrial 
weavers used for making cloth. The process for making tu- 
bular weave is widely used and most machines that weave 
cloth can weave glass fibers. 


Aluminum 
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SPECIFICATION SHEET 
Machine Name: Insulation Hinder 

Function of Machine: To wrap insulation on wires 

• i 

Mass of Machine: 500 kg 


Physical Dimensions: 1.5 m x 1.5 m x 1 m 

Throughput/Machine (tons/year): 430 
Power Requirements (Kw/machine) : 2 


Number of Machines: 
Number of Operators: 
Components: 
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7.5; DC-DC CONVERTER PRODUCTION 

7.5.1 Overview : The DC-DC converter production area Is Indi- 

cated In Fia. 7.29. The converter consists of a SENDUST alloy 
transformer core (see Sec. 7.2), Insulated wire windings (see 
Sec. 7.4), a radiator (see Sec 7.3), and control circuitry 
tmported from Earth. 

In this area, the transformer cores are received from the 
caster, and cooling channels are drilled through it to allow 
thermal control of the converter. The insulated wire Is next 
wound onto the limbs of the transformer, and finally, the con- 
trol circuitry Is added. The fitting of the control circuitry 
Is assumed not to be automated because of the combination of 
the task's complexity and the low output level. 

The transformer/circuitry combination, and the DC-DC 
converter radiator are shipped separately to the SPS construc- 
tion site because of problems in handling the fully assembled 
converter . 
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7.5.2 DC-DC Converter Producer : A numerically controlled 

"deep" drill (3 m long bit) Is used to drill cooling channels 
through the transformer core. In order to provide one con- 
tinuous channel, three interconnecting holes must be drilled 
(as shown in Tig. 7.30 [a]). The drill features a debris re- 
moval system, i.e. liquid injected through the center of the 
bit is used to carry away metal particles and prevent 'clog- 
ging' of the holes. Such machines are in current use in 
industry. 

After drilling, the transformer core is transferred to the 
coll winding machine. This machine -- again of a type currently 
used in industry -- uses manipulator arms to wind insulated wire 
from a spool around the transformer limbs. (See Fig. 7.30 [b]). 

Finally, the transformer, complete with windings, is con- 
nected manually to the control circuity imported from Earth. 
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SPECIFICATION SHEET 


Machine Name: DC-DC Converter Producer 

Function of Machine: Manufacture and Assembly of DC-PC converters 

Mass of Machine: 4000 kg 


Physical Dimensions: 8mxl5mx6m 

Throughput/Machine (tons/year): 2.1 



Power Requirements ( KW/machl ne) : 


Number of Machines: ] — <t> 
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7.6; KLYSTRON PRODUCTION SYSTEM 

The klystron production section is required to be a highly 
automated facility with a high output rate of complex components. 
The essential tasks which it must perform are: 

•Machining and polishing of cast solenoid core 
•Drilling of cooling channels 

•Machining of output cavity/waveguide interface 
•Winding of solenoid coil 
•Fitting of solenoid pole pieces 

• Qual i ty control 

•Fitting of radiator assembl- 

• Assembly of gun/coll ector /hous . ngs/control circuitry 

• Bakeout and processing 

• Testing 

•Other design dependent operations 
It is anticipated that the aluminum cast solenoid core 
arriving at the klystron facility from the casting section will 
be sized to within 0.8^ of its nominal design dimensions. The 

klystron cavities, therefore, must be further machined and 

-4 

polished to come wit.iin the tolerance limits of 1.5 x 10 mm 
to 2.0 x 10” 4 mm RMS for 2.45 GHz operation. At this stage, 
provision for cooling channel s, dri 11 ed transversely in the 
webs between cavities, should be made. In order to prevent 
contamination of the core production area by chips (from the 
machining operations), active dust removal systems should be in 
operation througho t the plant. Completed core units are sub- 
jected to automatic testing of dimensions and surface finish 
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before being transported to the next stage -- any sub-standard 
units being discarded before fitting of components brought from 
Earth. Further machining of the cavity, in preparation for 
fitting of the window after bakeout, is completed before in- 
stallation of the magnetic circuit. 

The magnetic circuit consists of two solenoids (one fo- 
cusing and one re-focusing solenoid) and two soft-iron pole 
pieces (to connect the solenoid core and focusing solenoid). 

The solenoids are wound aluminum wire with a glass wool in- 
sulator coating, and the pole pieces are soft-iron annuli^ 
electron beam welded into position at either end of the fo- 
cusing solenoid to complete a magnetic circuit around the 
cavities . 

The klystron radiators, manufactured elsewhere in the SMF, 
are at this point connected to the cooling channels. Components 
originating from Earth, i.e. collector, electron gun, and con- 
trol systems, are mounted on the tube together with cast alum- 
inum collector and solenoid housings (produced in the SMF). 

The now completed tube is dispatched to the testing area for 
bakeout (if necessary) and processing. A final "hot" (cathode 
on) test of the tube is made before dispatch to stores or to 
the SPS assembly site. The wastage rate of tubes at the pre- 
sent time is approximately 7 % during manufacture -- the study 
group feels that similar rates (10%) should be achievable using 
more highly automated manufacturing techniques in the SMF. 

Although particular processing stages cannot be listed 
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at the present time, equipment used is experted to include; 
milling machines, polishers, drills, E8 welders, test station*;, 
winding machines and robot manipulators. Since no specific 
design of the baseline product has been completed, costir.g of 
the klystron plant overall (rather than of individual machir s) 
has been conducted. This approach does not involve any attempt 
to list individual operations and therefore avoids errors 
arising from the ommission of unforeseen production steps. 

The klystron production facility was sized on the basis of 
a requirement for 204,000 klystrons/year (including a 10% mar- 
gin for breakage d ~ S?S assembly) plus an additional 10% 
to account for t zeu ;poilage (giving a total of 

224,400 klystro.'s/year, was assumed that the resident 

time of a workpie..^ i. ere machinery was two hours, and there-, 
fore that the resident wor (piece mass in the machinery would 
be two hours worth of production ^or3053 kg) at a given time. 
Since no other information on the specific machinery mass was 
available, the production machinery mass was estimated to be 
100 times the resident mass (i.e. approximately 305 tons). 

The replacement parts are assumed to account for 5% of the 
machine mass per year -- giving a figure of aooroximately 
15 tons/year. With an 80% duty cycle, each stron p. .duction 
unit within the facility has a working time o* 6400 hours/year. 
Therefore, at 2 hours per klystron it has the capacity to pro- 
duce 3200 units/year. However, since the final testing is ex- 
pected to occupy one hour of production time, 2 workpieces 
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may occupy a machine at a given time (one unit being assem- 
bled, the other being tested). Therefore, the number of units 

required is 224,400/(3600 x 2) = 32. Assuming that each unit 

2 

occupies a 'floor area' of *0 m and a height of 5 m, then the 

2 

area required f - klystron production is 1280 m . This analy- 
sis assumes that a production "nit can handle only one work- 
piece in the production stage and one in the testing stage at 
a gi ven time. Depending on the klystron design it may be pos- 
sible to have a higher number of testing units than production 
units and to have simultaneous production of several workpieces 
in one ms-hine, thus reducing the facility size. 

*all power requirements, procurement costs and dut-- 
cycles were based on an earth-based facility designed by Varian 
Associates (Ref. 7.2). Repair labor was estimated on the 
b - is of two crew men per machine section, and crew require- 
ments calculated or. the basis that the entire pi would be 
automatically controlled. 

Finally, R&D costs were estimated on the basis of the 
requirement to develop highly automated close-tolerance ma- 
chining facilities and to build and test a pilot facility 
(possibly involving some testing in space). 

In the specifications sheet following, the entire facili- 
ty is listed as one machine, rather than 32 production units. 
The factory thus agglomerates production stands and common 
handling and testing equipment. 
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SPECIFICATION SHEET 

Machine Name: Klystron Production System 

Function of Machine: To produce klystrons 

Mass of Machine: 305 tons 

2 

Physical Dimensions: floor area approximately 1300 m 

4 

Throughput/Machine (tons/year): 1.7 x 10 

Power Requirements (KW/machlne) : 40,000 


Number of Machines: 
Number of Operators: 
Components: 
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7.7; WAVEGUIDE PRODUCTION EQUIPMENT 

7.7.1 Overview : Figure 7.31 shows a "top" view of the wave- 

guide factory. This facility Is designed so that each piece 
of foamed glass (the material from which the waveguides are 
formed) progresses linearly through the facility to minimize 
handling of the delicate sheets. 

Waveguides for the SPS essentially consist of a closely 
dimensioned foamed glass box structure coated internally with 
a thin layer of deposited aluminum. In the baseline SHF de- 
dign, foamed glass is produced by mixing lunar anorthosite and 
chemical foaming agents, and then thermally cycling the mix- 
ture in a mold. The resultant monolithic block of material 
is sliced into thin sheets using tungsten blade saws. 

The sheets are then smoothed on their 'interior' faces 
by removing surface irregularities wi*h lasers. A T-micron 
thick coating of aluminum is then deposited onto the smoothed 
surface, using direct vaporization. The coated sheets are then 
cut by laser into strips which will form the sides of the 
waveguides. Simultaneously, those strips which constitute 
the 'front' radiating surface (one in four) are slotted, and 
those strips which constitute the 'back' faces of the wave- 
guides are holed. 

Finally, the waveguides are automatically assembled 
around guioes by automatic manipulators. The purpose of the 
guides is to ensure that the internal dimensions of the 
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waveguide meet the tolerance requirements by building the box 
around accurately dimensioned structures. The sides of the 
box are fused together along adjacent edges by laser beams. 
Careful handling of foamed glass throughout the production 
area is required, because of the fragility of the material 
when In the form of thin sheets. 

The completed waveguides are stored In padded racks 
which are carried by Internal transport system to the Input/ 
output station. 
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7,7.2 Glass Foamin-q Facility : On earth, foamed glass can be 

manufactured using volcanic ash; similar materials are avail- 
able on the lunar surface. Lunar anorthosite arrives at the 
SMF In particles of diameter 5 microns -- the size necessary 
for the foaming process. Therefore the usual requirement 
for a ballmlll to crush the particles is eliminated. 

A flux and chemical foaming agents are added to the 
glass. CA small amount of grog, which is fired batch mate- 
rial reground to granular form, may also b» added to help 
control the resultant density.) Flux Is added to yield more 
cellulatlon In the glass and to achieve the proper viscosity 
for foaming. The viscosity achieved enables the foaming 
temperature to be lowered to 800 C, which is 750°C less than 
the normal melting temperature of anorthosite. The flux In- 
cludes NaOH or I^SiO-j and Na 2 0. 

The anorthosite and foaming agents must be blended tho- 
roughly in a continuous mixer IFig. 7.32) to produce an amal- 
gam ready for foaming. The mixer consists of a series of 
propeller-like blades -- counter-rotating to providt maximum 
turbulence In the powder -- which are designed to Impinge on 
large numbers of particles and to Impart a velocity with 
both a tangential and axial component (thereby creating flow 
through the mixer). During mixing, the particles "e floating 
free In vacuum. Each mixing blade has a tip radius of .28 m, 
and the mixing section is estimated to be 5.4 m long, giving a 
volume of 1.33 m . The residence time of a particle in the 
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mixer Is estimated to be roughly 20 minutes, at a particle den- 

3 

slty of 500 kg/m , giving a mass throughput rate of 2000 kg/hr. 

The foaming mixture is charged into stainless steel molds, 
and heated Cover a period of about 4 hours) to foaming tem- 
perature (800®C). Heat Is supplied through colls, cc Mined 
within the molds themselves, at a rate of 1000 kW. On foaming, 
the mixture expands to about twice its volume as a powder. 

The foamed glass Is then slowly cooled ('annealed') over a 
period of 8 hours at a rate controlled by a thermal control 
unit; this unit controls the flow of coolant through channels 
In the sides of the mold. 

The product Is a monolithic block of foamed glass (10 x 
.8 x .6 m) of density 800 kg/m . Each block represents roughly 
two hours worth of production (at 2000 kg/hr) and is sized so 
that the longest waveguide may be formed from a single sheet. 

At the conclusion of the cooling cycle, the glass is removed 
from the mold by a mani pu I ator system. 

The molds are each charged (sequentially from the mixing 
unit) for 2 hours out of every 14. The powder Is Initially 
compacted by bring the mold sides toward the center. Heat 
Is supplied directly from heaters in the walls of the mold, 
at the walls move outwards to their full .8 m displacement 
as foaming occurs. This allows more even heating during the 
foaming operation. Additionally, the wal’s are moved out- 
wards again after annealing, to ease the removal of the foamed 
glass blocks after cooling. 



SPECIFICATION SHEET 


Machine Name: Glass Foaming Facility 

Function of Machine: Production of foamed glass for waveguide 

manufacture. 

Mass of Machine: 228,000 kg 

Physical Dimensions: mixer: blade radius 28 cm, length 5.4 m 

mold (internal) 1C x.60 x .80 meters 
Throughput/Machine (tons/year): 1.3 1Q 4 

Power Requirements ( KW/machine) : 7600 


Number of Machines: 1 

Number of Operators: 1 
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7.7.3 Foamed Glass Cutter : The blocks of foamed glass pro- 

duced In the glass foaming facility must be cut Into sheets 
of 2.5 mm thickness before being coated with the layer of 
conducting aluminum. This slicing operation Is achieved In 
twc stages, by tungsten-blade saws. In the first cutting op- 
eration, the 10 x .8 x .6 m foamed glass block Is sliced Into 
8 blocks 10 m x .8 m x 7.35 cm. These smaller blocks are then 
fed one by one Into a 20 blade saw whose output Is 21 sheets 
10 m x .8 m x 2.5 mm. The sheets produced are dispatched to 
the smoothing area. 

The cutting section must. In addition to the sawing 
equipment. Include conveyors for handling of the foamed glass 
blocks, Tho delicate foamed glass sheets are handled between 
soft conveyors In order to minimize damage. 

Kerf removal is achieved by Imparting an electrostatic 
charge to the debris via the saw blade. An oppositely charged 
belt Is run past the cutting area to carry away the particles 
to a disposal area. 
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FIGURE 7.33: FOAMED GLASS GUTTER 


SPECIFICATION SHEET 
Machine Name: Foamed Glass Cutter 

Function of Machine: To cut foamed glass blocks into sheets 

10 m x .8 m x ,0025 m 
Mass of Machine: 5900 kg 

Physical Dimensions : 24 m x 2 m x 3 m 

Throughput/Machine (tons/year) :i .3 x 10* 

Power Requirements (KW/machlne) : 23 

Number of Machines: 1 jS* 

be 

<D •*- 

Number of Operators: 0 •£<*= ” 
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7.7,4 Foamed Glass Smoother : The faces of the foamed glass 

sheets leaving the cutting area have surface Irregularities 
which must be removed before deposition of aluminum. A good 
finish is required on the surface to be coated In order to 
ensure that the coating itself Is smooth. (An Irregular In- 
ner surface would lead to a loss In the waveguide efficiency.) 

The waveguide smoothing operation uses two pulsed lasers 
(see Fig. 7.34) to burn off any surface Irregularities. One 
laser Is positioned so that the beam passes across the sur- 
face of the foamed glass she t which Is travelling at 0.1 m 
per second. This laser burns off material protruding above 
the plane of the foamed glass surface. A second laser sweeps 
the surface from directly above to fuse any remaining Irregu- 
larities. This laser's beam is focused to a wider spot than 
the first laser # s, since Its function Is to fuse raicn- than 
vaporl ze . 

Each of the lasers has a beam power of 1 kW which, after 
allowing for an efficiency of 10%, require an Input power of 
10 kW. CP "asers are used because their operating wavelengths 
are sulta^.j for cutting glasses. 
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SPECIFICATION SHEET 


Machine Name: Foamed Glass Smoother 


Function of Machine: To smooth rough surface of foamed glass 

Mass of Machine: 8250 kg 

Physical Dimensions: 12mx2mx3m 

3 

Throughput/Machine (tons/year): A. 3 x 10 


Power Requirements ( KW/machine) : 25 
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7 . 7.5 Direct Vaporization of Aluminum Coating : In order to 

operate as waveguides, the Internal surfaces of the foamed 
glass assembly must be coated with a 6.7 micron thick layer 
of aluminum. The reference SMF design uses an electron beam 
direct vaporization technique to deposit the aluminum at a 
rate of 50 microns per minute. 

As shown In Fig. 7.35, the slabs of aluminum are posi- 
tioned above the deposition surface, and are subjected to 
bombardment by a focused electron beam. The aluminum vapor- 
izes and travels to the deposition surface fthe foamed glass 
sheet). The A1 Is deposited at 50 microns/minute. Therefore, 
for a travel speed of .1 meters/sec, the deposition section 
must be .8 meters long. 

This process and equipment is similar to the direct va- 
porization used In solar cell production. Such equipment Is 
discussed In greater detail In the solar cell production 
equipment descriptions (see Sec. 7.8.3). Cost and sizing of 
the waveguide coating equipment Is based on the solar cell 
factory designs . 
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SPECIFICATION SHEET 

Machine Name: Waveguide DV of Aluminum 


Function of Machine: To deposit internal conducting surface on 

foamed glass waveguides. 

Mass of Machine: iooq kg 

Physical Dimensions: 12mx2mx3m 

Throughput/Machine (tons/year): 4.3 x 10 3 

Powe.* Requirements (KW/machine) : 8/ 


Number of Machines: 3 



Number of Operators: 0 
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7.7.6 Sheet Cutter and Slotter : After the aluminum coating 

is applied, waveguide sheets are cut into strips 9.8 cm and 
6.0 cm wide (see Fig. 7.36). light strips, four of each 
width, are cut from each foamed glass sheet by lasers. These 
strips will form the sides of the waveguides. 

Next, holes in the 'back' faces and slots In the 'front* 
faces of the waveguides are cut to allow the microwaves to 
enter and be radiated during waveguide operation. The radi- 
ating *.lots must be made to tolerances of + .0127 mm in 
alignment, + .058 mm in length, and + .058 mm in spacing. 

Half of the 9.8-cm-wide strips are slotted lengthwise in two 
parallel rows -- these will form the radiating surface. The 
other half of these strips are holed to form the inlet ports 
for the microwaves. These holes and slots are cut by the 
pulsed 1 kW lasers. Finally, another laser crosscuts the 
10 m strips to the lengths required for the various waveguides. 
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FIGURE 7.36: SHEE CUTTER AND SLOTTER 


SPECIFICATION SHEET 

Machine Name: Sheet Cutter and Slotter 

Function of Machine: To cut and slot foaaed glass sheets 

Mass of Machine: 56000 kg 


Physical Dimensions: 12mx2mx3m 

3 

Throughput/Machine (tons/year): 6.5 x 10 


Power Requirements ( KW/machine) : 21 


Number of Machines: 2 
Number of Operators :0 
Components : 
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7.7.7 Waveguide Assembler ; The waveguide assembly system Is 


shown in Fig. 7.37. Manipulator arms maneuver the strips of 
foamed glass into position around a set of guides whose 
purpose is to ensure the dimensional accuracy of the waveguide 
cross-section. 

Three sides of the 'box' are formed around the internal 
guides (as shown in the figure). The fourth side is then 
guided into position with the internal guides removed. Once 
in place, the edges of adjacent sheets are fused together by 
a 1 kW pulsed laser beam. The completed waveguides are re- 
moved from the mold and dispatched to the waveguide packaging 
area . 

Twelve assembly stations are provided In the reference 
SMF design. The previous production sections produce enough 
completed strips to produce three 10-meter-long waveguides 
every minute. However, the actual waveguides must be pro- 
duced in a variety of lengths. Assuming that on the average 
each 10-m length is cut to produce two waveguides, and that 
the assembly time for each waveguide is two minutes, twelve 
assembly stations are required. 
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FIGURE 7.37: WAVEGUIDE ASSEMBLY 




SPECIFICATION SHEET 


Machine Name: Waveguide Assembler 

Function of Machine: To assemble foamed glass sheets into 

waveguides 

Mass of Machine: 24100 kg 

Physical Dimensions: 20mx2mx3m 

Throughput/Machine (tons/year): 1.1 x 10 3 


Power Requirements (KW/machine) : 9 


Number of Machines: 12 

Number of Operators: C 



cn 

^ 01 


s~ c 


Q> 


XI -C 


E U 




7.103 


Power 

Required 








7,7.8 Waveguide Packager : The packager system Is used to 

remove completed waveguides from the assembly station and to 


place them Inco containers ready for dispatch to the output 
or storage areas. 

Manipulator arms are used in the physical handling of 
the foamed glass between assembly and packaging. The wave- 
guides are packaged into racks which connect two transporter 
carts -- as shown in Fig. 7.38. Because of the fragility of 
the waveguides special precautions In their handling -- such 
as lined containers -- are required. 

Each waveguide is subjected to testing, before being dis- 
patched, as a quality control measure. These tests Include 
optical geometric tolerance testing to check slot positioning 
and alignment, and hot tests using a microwave source to ob- 
tain a measurement of the radiated output quality. The tes- 
ting station is situated between the final assembly and out- 
put stations. 
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FIGURE 7.38: WAVEGUIDE PACKAGER 



SPECIFICATION SHEET 


Machine Name: Waveguide Packager 

Function of Machine: To package wa cguides in preparation for 

transportation to storage 
Mass of Machine: 8650 kg 

Physical Dimensions: Z2mx2mx3m 

3 

Throughput/Machine (tons/year): 4.3 x 10 

Power r .equi rements ( KW/machine) : 0 


Number of Machines: 3 
Number of Operators: 0 
Components : 
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7 .8 • SOLAR CELL FACTORY 

7.8.1 Overview : Figure 7.39 is a "top" view of the solar 
cell factory (repeating Fig. 7.5). The factory consists of 
two major structural sections: one containing the zone re- 

fining, mask and masking strip cleanup, and interconnect de- 
position sections; and the other, the deposition and assembly 
sections for the production of the cell arrays. Each of 
these structural units is attached to the central mast at 
discrete points, with vibration damping systems built into 
the joints. These joints also carry flexible power feeds 
and internal transport tracks. 

The solar cell factory is a planar structure, i.e. its 
thickness (into the paper in Fig. 7.39) is on the order of 
10-20 meters. In addition, there are heat-waste radiators 
roughly 30 meters above and below the plane of the factory. 
These radiators are in a plane parallel to that of the fac- 
tory, and are therefore omitted from the figure, since they 
would obscure the production sequences. These radiators are 
discussed further in the individual equipment descriptions 
and in Sec. 7.8.24. 

The deposition and assembly section of the factory con- 
sists of parallel production lines ("strips") running per- 
pendicular to the central mast (from bottom to top in Fig. 
7.39). Each production strip is 1.1 meters wide, the width 
of a solar panel. The strips are clustered in groups of 14 
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FIGURE 7.39: LAYOUT OF SOLAR CELL FACTORY 



("subsections). Therefore one factory subsection produces 
arrays of solar cells 14 panels wide. 

One such suosection is shewn in greater detail in Fig. 
7.40. Each production strip is 104 meters long (from front 
to right rear in the figure). The astronaut figure is in- 
cluded next to the near corner for size comparison. The early 
stages of solar cell production are deposition processes onto 
belts. These belts move independently, allowing single-belt 
shutdowns for maintenance and repair. In each 14-strip sub- 
section, the later array assembly stages are equipped with 
devices to insert spare solar panels into inoperative strips. 
The subsection output is therefore unaffected by single-strip 
failures. The factory output is boxed arrays of connected 
solar cell panels ("packages"), each containing an array 14 
panels wide by 541 panels long (15.5 m x 633 m, unfolded). 

Thus solar cells are progressively built up (layer by 
layer) as they move through the successive processes. The 
study group chose this continuous production line design for 
maximum automation, and for minimum handling of the fragile 
solar cell layers. Equipment for the successive processes 
sits either above or below the moving solar cell strips. The 
deposition and assembly sections of the solar cell factory 
are designed to be entirely free of direct human operations, 
since the factory is unpressuri zed , the solar cells are ex- 
tremely fragile, and the production equipment is hot (both 
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FIGURE 7,40: SOLAR CELL DEPOSITION AND ASSEMBLY: PERSPECTIVE VIEW 





In the thermal sense, since many of the radiators are at 
475°K or higher, and in the radiation sense, since electron 
beam guns put out x-rays). Operations within the solar cell 
factory are either automatic, robotic, or remote-control 1 ed . 

Although open to vacuum, the individual processes gen- 
erate low pressures of deposition vapors, and are therefore 
protected from each other by baffles (thin sheets) to avoid 
Ci ntamination of product and equipment. Hence the 'box' ap- 
parance of the deposition sections in Fig. 7.40. 

Also shown in Fig. 7.40 is a "crawler". Such crawlers 
move along guide tracks which run over (or below) each pro- 
cess, extending across the factory. Crawler tracks are shown 
os horizontal lines across the deposition and assembly sec- 
tions in Fig. 7.39. The crawlers feed, maintain, and re- 
place components of individual processes across the strips 
(for example, crawlers dedicated to the support of the alu- 
minum rear contact deposition move along one track across 
the width of the factory). The crawlers pick up input mate- 
rials and replacement parts from the internal transport sys- 
tem. Internal transport tracks cross the crawler tracks at 
several legations across the factory. Crawlers and internal 
transport devices are discussed in Chap. 8, "Support Equip- 
ment Specifications". 

’Insite repiirs in the deposition and assembly sections 
are performed by free-flying teleoperators. These are de- 
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scribed in Chap. 9, "Maintenance and Repair". 

Figure 7.41 is a side-view schematic of a production 
strip, showing the successive deposition and assembly pro- 
cesses and the dimensions of their sections. The solar cell 
strips travel through the process sections (from left to 
right in the figure) at .85 m/minute. The individual pro- 
cesses are discussed in the following sections of this chap- 
ter. In addition, these sections include descriptions of 
zone refining (Sec. 7.8.4), mask cleanup (7.8.11), inter- 
connect deposition (7.8.14), and masking strip cleanup (Sec. 
7.8.18). 

The total number of production strips is computed by 
assessing the effect of the duty cycles of deposition and 
assembly sections on the maximum production capability. These 
calculations are discussed ir. Chap. 10, "Line Item Costing". 

The total number of strips in the reference SMF is 266, grouped 
in 19 clusters . 
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FIGURE 7.41: SOLAR CELL DEPOSITION AND ASSEMBLY: SIDE VIEW SHEMATIC 




7.8.2 Thermal Belt : The thermal belt (see Fig. 7.42) serves 

as a deposition surface for the aluminum rear contact, silicon 
wafer, and aluminum top contact of the solar cell. It also 
carries the solar-cell wafers through recrystall ization pro- 
cesses. The belt runs trhough 33 meters of deposition cham- 
bers and other production equipment, then curves around a 
4.5 meter diameter roller and returns to the start of the 
production line. The belt's length is therefore 81 meters; 
each belt is 1.1 meters wide, the width of a panel of solar 
cells. Modeling the belt as 5 mm-thick copper yields a belt 
mass of 4000 kg. 

To provide thermal control of the deposition surface 
during the process steps, the belt travels over fixed thermal 
control plates. These cool the belt, as required by the 
processes above. Heat is extracted by liquid sodium passing 
through the plates. To avoid stoppage of several belts by 
single failures, each belt has its own set of thermal plates, 
with their own thermal control systems. (Given present 
knowledge, the precise thermal requirements [e.g. surface 
temperature , thermal gradient, CTE] of the belt surface are 
unknown; an exact belt design is therefore difficult. An 
alternative to the bel t-and-pl ate design in the reference 
SMF is a recently invented rod-and-s procket belt made of 
stainless steel [Refs. 7.3, 7.4]. This belt may prove more 
reliable in space applications.) 
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FIGURE 7.42: THERMAL BELT 


The belts are grouped in sets of 14, with the belts In 
each group 1 mm apart, forming a nearly continuous deposition 
area. (Each group of belts produces 'packages' of solar 
cells, arrays 14 panels wide.) Between groups, the belts 
are separated by an open space 3 meters wide. Since the 
returning belts In a group also form a nearly continuous sur- 
face, power cables and coolant pipes to the group's thermal 
plates are routed to the gap between groups and out of the 
belt system. The coolant pipes carrying sodium at .5 m/sec 
are then routed to 1 mm thick aluminum sheet radiators. The 
4.5 meter gap between the upper and lower belt surfaces con- 
tains the needed thermal plates, power feeds, piping, and 
structural supports. The three-meter gap between groups of 
belts, besides allowing entry and exit of power feeds and 
coolant pipes, also provides access to the Inside of the 
thermal belt system for teleoperators. 

Similar thermal belts are also used in the deposition 
of S i ©2 optical covers and substrates. These belts are 
listed as components of those processes, however. The ther- 
mal belt in this section is described separately because it 
is shared by several processes. For all the thermal belts 
in a deposition strip, about 2.2 tons of liquid sodium will 
be required, assuming a coolant flow rate of .5 m/sec through 
1 00-meter-l ong pipes. Individual coolant requirements for 
each machine are listed under their sections. Pipe masses 

were assumed to be 1 5 % of the coolant mass, based on a case 
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example design. For each thermal belt, the mass of thermal 
control equipment Is estimated at 200 kg. In addition, 
drive equipment to turn the belt rollers is estimated at 
1000 kg per strip. 

At the end of the belt, when the deposition surface 
curves down around the 4 ,5-meter-diameter roller, the 1.1 
meter wide strip of deposited material (rear contact, silicon 
wafer, and top contact) Is peeled from the thermal belt and 
travels on through more production steps. 


SPECIFICATION SHEET 


Machine Name: Thermal Belt 

Function of Machine: To serve as deposition surface for several 

processes . 

Mass of Machine: 5250 kg 

Physical Dimensions: 38 m x 1.1 m x 5m (not including radiators) 

Throughput/Machine (tons/year): — 

Power Requirements (KW/machine) : 45 
Number of Machines: 266 

Number of Operators: 0 
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7.8.3 DV of At Rear Conta:t : The solar cell production pro- 

cess begins with the direct vaporization of the 2-micron 
thick aluminum rear contact. The process is illustrated in 
Figs. 7.43 and 7.44. As shown in the figures, aluminum atoms 
are boiled off slabs by electron beams, and the atoms are 
deposited onto the thermal belt. 

The electron beam (EB) guns fire beams of electrons into 
magnetic deflection and tracking coils near the surface of the 
belt. These coils deflect the beams upward and track them 
(2 mm spot) along the underside of the A1 slabs, vaporizing 
the material. This geometry allows the positioning of the 
slabs 50 cm *rom the belt. At the deposition pressure of 
roughly 10"® Torr, this distance is the mean free path of the 
atoms, and the A1 therefore deposits with a minimum of atomic 
coll isions . 

This geometry also allows *he thermal belts to be edge 
to edge, since neither equipment nor electron beams need to 
cross the belt surface. Neighboring belts therefore benefit 
from some of the vaporized material, improving the evenness 
of the deposition. 

In this reference design, the thermal belt speed is set 
at .85 meters/minute, and the Al deposition rate at 4 microns 
per minute. The required deposition length is therefore 
.43 meters . 

The aluminum slabs used in the process are produced at 
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FIGURE 7.44: DV OF AL REAR CONTACT; OBLIQUE VIEW 


the SMF by the continuous caster, and are therefore 2 cm 
thick and 70 cm high. Their length Is set at 1 m, so that 
they fit across the 1.1-m-wide belt, with room at their ends 
for slab feeding mechanisms. The slabs are fed from magazines 
sized to hold 4 reserve slabs each. 

Assuming that the deposition Is 67% efficient (2/3 of the 
slab material ends up on the belt), slabs are used up at the 
rate of one every 165 hours (6.9 days). New and old slabs 
vacuum-weld themselves together at their edges as their boun- 
dary approaches the vaporization surface. Therefore an old 
slab is completely vaporized as a new one takes Its place. 

The remaining 1/3 of the slab material Is vaporized and 
lost either to baffles or to open space. Although the de- 
position process does not require a pressure vessel (the 
lower the pressure, + he better the deposition), the vaporized 
A1 can contaminate neighboring equipment and processes. There- 
fore the deposition section Is surrounded by baffles. These 
thin sheets of material serve as 1 ine-of-sight barriers to 
the A1 vapor, shielding the EB guns, deflection coils, and 
slab feeding mechanisms. 

The baffles are of two types. "Panel" baffles are those 
shielding the slab feeding mechanisms. They are made from 
100-micro.i thick teperature-resistant material, e.g. glass 
cloth. (Although the reference SMF brings baffles from Earth, 

glass c^th baffles could also be manufactured at the SMF by 
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machines similar to the electrical insulation winders.) Each 
strip's rear contact deposition section has a separate panel 
baffle; this baffle has two slits through which the slabs are 
fed Into the deposition chamber. Estimating the deposition 
rate onto the panel baffles of .35 microns/minute, and al- 
lowing a 2500-micron layer of aluminum to accumulate before 
baffle replacement, each panel baffle is replaced every five 
days. Panel baffles are held in place by double tracks so 
that new baffles can be inserted before the old ones are re- 
moved, thus avoiding production stoppages. 

The other type of baffle is the "side" baffle. Side 
baffles are positioned across the ends of the deposition 
section, shielding the EB guns and the next process in the 
production line. These baffles extend down to within a 
millimeter of the deflection coil output port or thermal 
be’t surface. Unlike the panel baffles, side baffles are 
shared by the ' DV of rear contact' sections of all 14 strips 
In a solar cell factory subsection. Each side baffle Is a 
100-micron thick sheet of material (e.g. glass cloth) which 
is slowly unwound from a 310-meter roll at the edge of the 
14-strip subsection. The baffle is guided across the 14 
strips, it is discarded as process waste. Estimating a .7 
micron/minute deposition on the side baffles (higher than 
the panel baffle because of the geometry of the deposition) 
and allowing a 500-micron buildup before discard, one roll 
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of baffle lasts 10 days. Since new rolls can be attached 
directly to old ones, replacement of side baffles does not 
stop production. 

The use of rolls of side baffles Is possible because 
the side baffle surface is uninterrupted (i.e. no slits are 
required, as In the panel baffles). The-e are no baffles 
between strips, since deposition on neighboring strips Is 
beneficial to the process. 

Electron beam guns are described in some detail in Sec. 
7.2.7. Unlike the slab cutter, however, for the EB guns in 
the solar cell factory, the 100°to WO^bending of the electron 
beam places the filament in the EB gun out of sight of the 
impact point, avoiding filament deterioration problems. Fila- 
ments are replaced every 40 hours by an automatic reload 
mechani sm f rom a 20-filament magazine mounted on the gun. The 
reloader uses two filament cartridges, thus stopping the gun 
for only a few seconds during reload. This operation there- 
fore does not stop production. 

The total input power to each EB gun used in the DV of 
the aluminum rear contact is 3.1 kW. Focusing and deflec- 
tion requires 20% of this power Of the remainder, 50% is 
wasted as heat in the EB gun, and the other 50% is the beam 
power. Electron scattering and thermal waste in the slab 
wasces 30% of this beam power, leaving (,8)(.5)(.7) = 28% 

of the original input power to vaporize the slab (including 
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the vapor wasted on the baffles). At this efficiency, one 
6.2 kU EB gun is sufficient to deposit the A1 at 4 microns 
per minute. However, since the solar cell material cannot 
be routed from one strip to another during the deposition 
processes, failure of the EB gun would halt the entire pro- 
duction line. Therefore two 6.2 kW guns are used, for re- 
dundance; these guns operate at 3.1 kW during normal opera- 
tions . 

The latent heat of vaporization released by the aluminum 
vapor when It deposits onto the belt requires an active cool- 
ing system to prevent intersolution of solar cell layers and 
eventual melting of the belt. Assuming 40" of the nominal 
input power to the guns [equivalent to the beam power * 

(6.2 kW)(.8)(.5) = 2.5 kW] must be removed through the belt, 
and that the liquid sodium (heat capacity 1340 joules/kg°K 
at 475°K) enters at 400°K and leaves at 600°K, then each 
strip's ' DV of rear contact' section requires .01 kg/sec of 
liquid sodium to keep the thermal belt below 760°K. If the 
sodium flows at .5 m/sec through 100 meters of piping (out 
of the thermal belt, to a radiator roughly 30 meters away, 

and back), then 1.9 kg of sodium Is required for eah sec- 

2 

tion. The weste heat is radiated away from a 1 .1 m sheet 
of aluminum (1 mm thick), located below the returning por- 
tion of the thermal belt. Although each strip has its own 
thermal plate and pump, piping ond radiators for the 'DV of 


7.124 



rear contact' sections of the 14 strips in a subsection could 
be combined, since the duty cycles of these components is 
virtually 100%. The pump, piping, fittings, radiators, and 
control system for one strip's 'DV of rear contact' thermal 
control are estimated at 20 kg. 

Of the 50% of the input D^wer remaining, it is assumed 

that 10% Is lost in escaping vapor and baffle radiation. ’'he 

remaining 50% must be dealt with in the election beam gun. A 

heat pipe conducts waste heat from the gun to a pyrolytic 

graphite radiator above the deposition section. The radiator 

2 

Is rectangular, has an area of .25 m , and operates at 720°K 
when wasting 3.1 kW. The heat pipe is long enough to allow 
handling of input slabs by manipulators without removing the 
radiators. The p/rolitic graphite radiators are modeled on 
those suggested by Raytheon for amplitrons (Ref. 7.5), and 
are estimated to mass 10 kg (including heat pipe). 
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SPECIFICATION SHEET 


Machine Name: DV of A1 Rear Contact 

Function of Machine; To DV aluminum onto the thermal belt 
Mass of Machine: 164 kg 

Physical Dimensions: 1mxl.lmx3m 

Throughput/Machine (tons/year): — 

Power Requirements (KW/machine) : 6.2 
Number of Machines: 266 

Number of Operators: 0 
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7.8.4 Zone Refiner : The reference SMF receives metallurgical 

graae silicon in slabs 1.2 m x .42 m x .04 m. These slabs 
are zone refined in a separate facility to reach semiconduc- 
tor grade purity. The study group assumed that the Si from 
the Moon would be suff i ci enctly pure that 10 zone refining 
passes would be sufficient to reach the needed 99.999" purity. 

The zone refiner is shown in Fig. 7.45. Slabs travel 
one after another through the machine at a speed of 2.5 cm 
per minute. Each slab passes through ten heating coils 
spaced 40 cm apart; each heating coil uses magnetic induc- 
tion to create a molten zone in the silicon slab. Behind 
each coil is a gas-jet ring which sprays cooling argon onto 
the slab sufficiently close to the induction coil to create 
a 670°K/cm thermal gradient. Under those conditions the 
silicon at the liquid/solid interface will recrystallize at 
2.5 cm/minute, and each melt zone will therefore be station- 
ary relative to the heating coil and gas-jet ring. Each 
zona "travels" down the silicon as the slab moves through the 
machine. The leading and trailing ends of the slab are not 
melted, to preserve the structural integrity of the slab. In 
addition, a separate set of magnetic shaping coils preserves 
the rectangular cross-section of the slab during the process, 
resisting each melt zone's tendency to assume a circular 
cross-section in zero-g. 

Thus each slab enters the zone refiner at 2.5 cm/npnute, 
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FIGURE 7.45: ZONE REFINER 





129 






supported and moved by a set of clamps. Shortly after the 
leading edge passes through the first coil, that coil is 
turned on and creates a melt zone. That coll stays on until 
shortly before the trailing end of the slab reaches it (time 
of operation, 46 minutes); its molten zone therefore travels 
through the central 1.15 meters of the 1.2 meter-long slab. 
Successive coils operate in the same fashion. Since the 
colls are 40 cm apart, the slab can have as many as three 
molten zones within it at one time. To maintain its struc- 
tural Integrity, the slab is passed through the coils by a 
series of clamps which grasp and ungrasp the middle and ends 
of the slab so that sections between melt zones are not left 
freely suspended. The clamps also serve as heat sinks to 
help preserve the gradients near the melt zones. 

Passage of one slab through the ten heating coils takes 
190 minutes. With a 10-cm gap between slabs, the oachine 
processes each slab in 194 minutes. After the ten melt zones 
have traveled through the slab, almost all of the impurities 
have been crystallized in the trailing end of the slab. Al- 
lowing a 10-cm gap between slabs, each zone refiner outputs 
one slab every 52 minutes. Each machine therefore produces 
9500 slabs per year (95 f ; duty cycle), and 60 machines are 
required to refine the 570,000 slabs of silicon required for 
the production of one 10-GW SPS per year. 

To avoid loss of the argon sprayed by the gas-jet rings. 
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the zone refiners are enclosed In pressuro-ti ght containers. 
Each 25 i x 10 m x 5 m container holds six zone refiners 
(each 1.5 m x 8 m x 2 m) , as shown in Fig. 7.46. Each con- 
tainer also includes two airlocks for Introduction and re- 
moval of slabs and entry and exit of repair crews. The con- 
tainers are sized to allow access space for space-suited re- 
pair workers around the refiners. Hot argon Is pumped from 
the containers to radiators for cooling, and the cool argon 
Is returned to the gas jet rings. 

Slabs entering and leaving the container are handled by 
automatic manipulators. After refining, the silicon slabs 
are first placed into racks designed tc hold the semicon- 
ductor grade slabs without contaminating them. Once full, 
a rack of slabs is passed out through the air lock and taken 
to a cutting area. There four 128-kW EB guns cut off 10 cm 
from each end of the slab (the impure ends) and trim 1 cm 
from each side edge to provide a flat surface for vacuum 
welding during deposition processes. This trim is required 
because the magnetic shaping coils cannot maintain a com- 
pletely rectangular shape. The final slab dimensions are 
1 .0 m x .40 m x .04 m. 

The ten pressurized containers and the EB cutting sec- 
tions are arranged into a flat shape 120 m x 25 m x 5m, with 
radiators above and below the equipment. 
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SPECIFICATION SHEET 


Machine Name: Zone Refiner 


Function of Machine: Refines input metallurgical grade Si slabs 

to semiconductor grade 
Mass of Machine: 2200 kg 

Physical Dimensions: 8mxl.5mx2m (zone refiner only) 
Throughput/Machine (tons/year): 350 

Power Requirements (KW/machine) : 300 

Number of Machines: 60 2 * 

b e w i. 

Of- V f- 

Number of Operators: 0 v» « a*-* 

r e u w s 

3 0 to OOi V 

Components: £ o.oe — 
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33 
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7.8.5 DV of Silicon Wafer and P-Dopant Implan Sjtion : The 

next step In the buildup of solar cells is the deposition of 
50 microns of polycrystall ine silicon (see ~<*g. 7.47) ont" 
the aluminum rear contact. The details of this deposition 
equipment are similar to the DV of aluminum rear contact (see 
Sec. 7.8.3). Zone refined slabs of silicon (1.0 m x .4 m x 
.04 m) are vaporized at the rate of one every 3.2 days (maga- 
zine holds six extra slabs). The total deposition length is 
70.63 m assuming a 4 micron/minute deposition rate. To avoid 
too oblique an angle when the electron beam strikes the slab 
(a shallow incidence angle would result in electrons bouncing 
off the slab), the deposition is divided into two sections 
each 5.3 m long. The shallowest angle of incidence is there- 
fore 11°. 

The EB guns are mounted vertically in clusters of five 
at the beginning and end of each section. Each of the 7.3 kW 
guns is assigned a particular slab. In each 5-gun cluster, 
if one gun goes off, the other four increase their power levels 
by 25% to compensate for loss of DV power. Pyrolitic graphite 
radiators (14.6 kg each) cool the guns at a temperature of 
640°K. The total input power to the machine is 146 kW based 
on a DV power of 408 kW needed to raise si’ icon from 60°K to 
its boiling point at the required rate. 

Side roll baffles (identical to those described DV of 
A1 rear contact) are used up every 55 hours (.estimating 
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3 microns/minute depositor! on the side baffles). Panel baf- 
fles between the slabs are replaced every 27 hours (1.5. mi- 
crons/minute deposition). 

The temperature of the deposition surface is actively 
controlled to prevent intersolution of the aluminum and si- 
licon and to control the crystalline structure of the sili- 
con layer. To cool the thermal plates under the belt, liquid 
sodium is routed through the plates, to a radiator roughly 
30 meters below the thermal b It, and back to the thermal 
plate (total travel distance is 100 meters). To remove 40% 
of the total input power [(.4)(146 kW ) = 58.4 KK] .22 kg/sec 
of liquid sodium is required for each strip (400°K input, 
600 J k output). Assuming a flow rate of .5 m/sec in the pi- 
ping, 43.6 kg of liquid sodium are required for each strip. 

2 

The heat is wasted to space by a 25.2 m aluminum sheet ra- 
diator (average temperature is 475°K). Since this area is 
2.2 times the deposition area, the radiator extends beyond 
the silicon deposition section. 

Ion implantation of the p-dopant (boroi) occurs during 
the first 45 microns of silicon deposition. Beginning just 
after the first slab, 18 ion implantation devices are in- 
terspersed between slab feeders. Each device implants 

18 3 

boron atoms (at 10 atoms/cm ) throughout a depth of 2.5 
microns. There are no ion implantation devices after the 
last two slab feeders to allow a 5 micron layer of undoped 
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silicon which will later be implanted with phosphorus. Rough- 
ly 150 kg/year of boron (shaped Into 2 kg rods) Is needed. 

The ion Implantation device is identical (except for lower 
accelerating voltage) to that described in the section on 
ion implantation of the n-dopant, phosphorus (Sec. 7.8.8). 


SPECIFICATION SHEET 

Machine Name: DV of Si Wafer and P-Dopant Implantation 

Function of Machine: To DV silicon onto the rear A1 contact 

and to ion-implant p-dopant in the Si 
Mass of Machine: 2810 kg 

Physical Dimensions: 13 m x 1.1 m x 2.5 m 

Throughput/Machine (tons/year): — 

Power Requirements ( KW/machine) : 178 

Number of Machines: 266 

Number of Operators: o 
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7.8.6 Pulse Recrystall i zation After the 50 micron wafer 
of polycrystal 1 i ne silicon has been deposited, the grain 
size is increased by a two-step recrystal 1 ization process. 
The firs* -tep is a pulsed-beam recrystallization (see Fig. 
7.48) which transforms the original silicon crystallites 
into full -fi Im-thickness columnar grains. The process uses 
electron beam guns delivering pulsed streams of high-energy 
el ectrons . 

The beam has an average electron energy of 55 KeV, a 
pulse length of 200 nanoseconds, and a pulsed beam fluence 

3 

of 6.3 J/cm (1 kW EB gun output). Pulsing is accomplished 
by a plasma diode and an energy storage capacitor, and el- 
ectrons are returned to the gun via a metal brush sweeping 
across the surface of the silicon near the beam impact area. 

The pulsed-beam recrystall i zation zone in each strip is 
cooled by .007 kq/sec of liquid sodium (400°K input, 600°K 
output) flowing through a thermal plate below the belt. 
Estimating a total pipe length of 100 meters to a radiator 

and back, and a flow velocity of .5 m/sec, 1.5 kg of sodium 

2 

is required for each strip. The radiator is an .*1 m alu- 
minum sheet radiating at an average temperature of 475°K. 

In addition, the two 1.8 kW EB guns are cooled by pyrolitic 
graphite radiators (5.7 kg each) at a temperature of 450°K. 
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SPECIFICATION SHEET 


Machine Name: Pulse Recrystal lization 


Function of Machine: To recrystal 1 1 ze the silicon layer, causing 

the growth of columnar grains in the layer 

Mass of Machine: 40 kg 

Physical Dimensions: - « x 1.1 m x 2.5 m 

Throughput/Machine (tons/year): — 

Power Requirements (KW/machlne) : 3 - 6 

Number of Machines: 266 
Number of Operators: 0 
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7,8.7 Scan Recrystall 1 zation : The second step In the recry- 

stallization process is a fast-scan electron bean solid phase 
recrystallization (see Fig. 7.49) to grow the columnar grains 
to a diameter of 100-200 microns. This is done with triode 
guns which have accelerating voltages of 100 KeV, fast-scan 
velocities of 100 m/sec with a 55 mA current, and an esti- 
mated beam diameter of .25 mm. 

Since the belt speed is 1.42 cm/sec, 56.8 scans across 
the strip must be done per second. The gun must therefore 
sweep a total of 62.5 meters in one second ((1.1 meter wide 
strip), well within the scanning capacity of 1000 m/sec. 

The electron beam power required is .35 kW (5.5 kH for 
lOOOm/sec scan speed). Electron current loop return and 
belt cooling are accomplished in the same ways as for pulse 
recrystall i zati on . The scan zone is cooled by .003 kg/sec 
of liquid sodium per strip (400°K input, 600°K output) flow- 
ing through a thermal plate beneath the belt. Estimating a 
total pipe length of 100 meters to a radiator and back, and 

a flow velocity of .5 m/sec, .52 kg of liquid sodium is re- 

2 

quired for each strip. The radiator is a .31 m aluminum 
sheet (average temperature 475°K). The two .6 kW EB guns 
are also cooled by 2.0-kg pyrolitic graphite radiators at 
34C>K. 
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FIGURE 7.49: SCAN RECRYSTALLIZATION 




SPECIFICATION SHEET 
Machine Name: Scan Recrystall ization 

Function of Machine: To enlarge the diameter of the columnar 

grains in the silicon layer 

Mass of Machine: 15 k 9 

Physical Dimensions: 2 m x 1.1 m x 2.5 m 

Throughput/Machine (tons/year): — 

Power Requirements (KW/machine): * 


Number of Machines: 266 
Number of Operators: 0 




Components : 
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7.8.8 N-Dopant Implantation ; In order to obtain an n-p junc- 
tion between phosphorus and boron, an electron beam Irradiated 
Ion Implantation device is used ee Fig. 7.50). The device 
consists of an electron beam gun, a 2 kg rod of phosphorus 
which Is automatical ly fed down form a 10 rod magazine, a 
permanent U-magnet for deflecting the electron beam, an ac- 
celeration grid, and electromagnetic coils for defleting the 
ion beam. 

The el ectron beam is deflected by the magnetic field to 
strike the flat end of the rod. A tenuous phosphorus cloud 
Is produced which is ionized by the incoming electron beam. 

The positively charged ions are accelerated through a grid 
with a high negative potential and scanned across the width 
of the strip by powerful electromagnets. The ions impact 
and penetrate the silicon, implanting themselves into the 
layer. 

Fifty kilograms per year of phosphorus are required for 

the entire factory. There are implanted at a density of 
18 3 

10 atoms/cm . While ion implantation devices today Implant 
to depths of less than 2 microns, a 5 micron depth should be 
possible with a high accelerating voltage implant device, 
given some development. The power level of such a gun and 
associated systems is estimated at 1.75 kW, and its mass 
(including a pyrolitic graphite radiator) at 50 kg. 
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FIGURE 7.50: N-DOPANT IMPLANTATION 


SPECIFICATION SHEET 
Machine Name: N-Dopant Implantation 

Function of Machine: To Implant phosphorus Into the top 5 microns 

of the silicon wafer 
Mass of Machine: 100 kg 

Physical Dimensions: 2 ro x 1.1 m x 2.5 m 

Throughput/Machine (tons/year): — 

Power Requirements (KW/machine) : 3.5 


Number of Machines: 266 
Number of Operators: 0 
Components : 
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7.8.9 Anneal : The ions bombarding the silicon in ion implan- 

tation produce crystal lattice defects in the top layers. 

This leads to a more amorphous structure In the bombarded zone, 
requiring repair of the lattice damage to restore the efficiency 
of the cel 1 . 

The implanted silicon is annealed by a series of .1 micro- 
second electron beam pulses with mean electron energy of 
20 KeV (see Fig. 7.51). Although the energy transferred to 

p 

the silicon is only 1.0 J/cm (.2 kW average beam power), the 
pulse duration is short enough to momentarily elevate a 2 mi- 
cron thickness of the silicon close to its melting temperature 
(1400°C). This penetration is enough to recrystalllze and 
anneal the damaged layer. The silicon drops back down to the 
ambient temperature within a few microseconds. 

The anneal zone is cooled by .001 kg/sec of liquid so- 
dium per strip (400°K input, 600°K output) flowing through 
a thermal plate beneatn the belt. Estimating a total pipe 
length of 100 meters to a radiator and back, and a flow velo- 
city of .5 m/sec, .3 kg of liquid sodium are required for 

2 

each strip. The radiator is a .17 m aluminum sheet at an 
average temperature of 475°K. The two .4 kW EB guns are 
cooled by .8 kg pyrolitic graphite radiators at 310°K. 
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FIGURE 7.51 


ION IMPLANTATION DAMAGE ANNEAL 


SPECIFICATION SHEET 


Machine Name: Anneal 

Funccion of^achlne: To anneal <»ut the ion implantation damage 

In the silicon wafer 
Mass of Machine: 15 kg 

It 

Physical Dimensions: 2 m x 1.1 x 2.5 m 

Throughput/Machine (tons/year): — 

>ower Requirements ( KW/machlne) : *8 


Number of Machines: 266 
Number of Operators: 0 
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7.8.10 DV of Front A1 Contact : To produce power from a solar 
cell an electrical contact must be placed on top of the silicon 
wafer. This contact must provide conducting paths over the 
surface of a cell, yet not prevent incoming sunlight from 
impinging directly onto the silicon surface. The top contact 
is therefore a comb-like pattern, consistin') of 1 micron thick 
aluminum y.*id fingers, each 50 microns wide, altogether cover- 
ing 5-7% of the cell surface. The fingers all lead into a 
collector bar at the ed^e of the cell which gathers the 
current. 

These patterns are vapor deposited through shadow masks 
(each one strip wide) positioned near the silicon surface 
and moving with the belt at the same speed of .85 m/min (see 
Fig. 7.52). The aluminum is direct vaporized (in the same 
fashion as the aluminum rear contact) to a depth of 1 micron. 

To alleviate structural problems in a single shadow mask for 
the enti re pattern , the deposition is done in two steps: 
first the grid fingers are deposited through a mask, then the 
collector bars are deposited through another mask. For each 
deposition step, the deposition rate is 2 microns/minute, and 
the deposition length is .43 m. 

The masks are unwound from rolls, travel with the solar 
cell strip during contact deposition, and are rewound on take- 
up rolls. Aluminum is deposited on t ft e masks as well as the 
solar cells, so the used rolls are taken to a separate facil- 
ity for brush cleaning. Assuming the roll will last for two 
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FIGURE 7.52: OV OF ALUMINUM FRONT CONTACT 




633 meter-long solar cell array segments, the .5 mm-thick mask 
would be 1266 m long (with a roll radius of about .5 m) and 
last about one day. The mask material must be strong enough 
to be used and cleaned without deformation, resistant to va- 
cuum, radiation, and temperature, and inert to aluminum. Hate 
rials such as kapton and teflon are possibilities, but further 
research Is needed to verify their suitability. Assuming a 
material with the density of teflon, each roll would mass 
roughly 300 kg. 

To avoid production stoppages, the masks are switched 
from one roll to another by automatically splicing the lead 
end of the new roll to the tail end of the old one. The 
splice is undone at the takeup roll and the lead end is 
threaded onto an empty roller. 

The geometry of each deposition chamber is the same as 
for the DV of the A1 rear contact (see Sec. 7.8.3). Since 
the deposition rate is 2 microns/minute, each of the four 
EB guns uses 1.6 kW, and wastes heat through a 5.1 kg pyro- 
Title graphite radiator at 610°K. Each slab lasts 13.8 days, 
and the panel baffles last 10 days. The 310-meter side baf- 
fle rolls last 20 days. 

The thermal belt is cooled with liquid sodium (.01 kg/sec 

400°K input, 600°K output) flowing through thermal plates. 

Estimating a pipe length of 100 meters to a radiator and back, 

and a flow velocity of .5 m/sec, 1.9 kg of sodium is required 

2 

for each strip. The radiator is a 1.1 m aluminum sheet. 
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Machine Name: 


SPECIFICATION SHEET 
DV of A1 Front Contact 


Function of Machine: To DV 'grid-fingers' A1 patterns onto the 

silicon wafer 
Mass of Machine: 1120 k 9 

Physical Dimensions: 5mxl.lmx5m 

Throughput/Machine (tons/year): — 

Power Requirements (KW/machine) : 8.4 

Number of Machines: 266 

Number of Operators: ® 
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7.8.11 Mask Cleanup Device : As shown in Fig. 7.53 cleaning 

of the teflon shadow mask (used in deposition of the solar 
cell top contacts) is performed within a pressurized chamber 
to allow gas suspension and filtration of the aluminum par- 
ticles brushed from the masks. An aluminum-coated roll of 
mask is loaded into an evacuated outer chamber (the two-cham- 
ber design reduces pumping requirements). After the chamber 
is sealed and filled with argon, the mask is automatically 
threai’^d through cleaning rollers and back to a takeup roller. 

The mask is then wound from one roll to the other at 
28 meters/minute (one roll in 45 minutes) while the brushes 
remove the aluminum. The aluminum flakes are suspended in the 
argon and filtered out by a gas reci rcual tion system. Once the 
mask is cleaned, the inter-chamber slits are closed and the 
roll chamber is evacuated. The cleaned mask is removed and 
another used mask is inserted. The entire cycle is estimated 
at 1 hour per mask, and therefore 25 mask cleaning machines are 
required for the factory. 
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FIGURE 7.53: MASK CLEANUP 



SPECIFICATION SHEET 


Machine Name: Mask Cleanup Device 

Function of Machine: To remove deposited A1 from teflon 

shadow mask 

Mass of Machine: 200 kg 


Physical Dimensions: 6mx6mx2m 

Throughput/Machine (tons/year): — 


Power Requirements (KW/machine) : 16 


Number of Machines: 25 
Number of Operators: 0 

Components : 
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7,8.12 Sintering of Front A1 Contact ; After the aluminum top 
contact has been vapor deposited on the silicon, an electron 
pulse sintering step Is necessary to produce good mechanical 
and electrical behavior at the al umi num-si 1 1 con interface. 

The pulse-induced transient temperature is much lower than 
that necessary for implantation damage anneal. If the Inter- 
face temperature is raised above the eutectic temperature of 
aluminum and silicon (851°K), an alloyed interface results 
producing good electrical contact. The brief thermal tran- 
sient ensures that the intersolution of the contact and the 
silicon is quenched before more than a shallow interface can 
result. 

An electron beam pulse gun (see Fig. 7.54) similar to 
the one used in annealing (Sec. 7.8.9) is used. Its average 
beam power of .1 kW is less than that used for annealing be- 
cause of the lower energy required to reach the eutectic tem- 
perature . 

The sintering section is cooled by .0007 kg/sec of liquid 
sodium per strip. Estimating a total pipe length of 100 meters 
to a radiator and back, and a flow velocity of .5 m/sec, .15 kg 
of liquid sodium are required for each strip. The radiator 
is a .09 m aluminum sheet at an average temperature of 475°K. 
The two .2 kW EB guns are cooled by .6 kg pyrolitic graphite 
radiators at 260°K. 
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FIGURE 7.54: FRONT CONTACT SINTERING 



SPECIFICATION SHEET 
Machine Name: Front Contact Sintering 

Function of Machine: To sinter the A1 front contact/silicon 

wafer interface 

Mass of Machine: 15 k 9 

Physical Dimensions: 2 m x 1.1 m x 2.5 m 

Throughput/Machine (tons/year): — 

Power Requirements (KW/machine) : • 4 
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7.8.73 Cell Crosscut : Immediately following contact sintering, 

the solar cell strip is peeled from the thermal belt and trav- 
els straight on, guided by rollers. The thermal belt curves 
around its end roller and returns to the start of the produc- 
tion line. The solar cell strip is then cut crosswise by a 
laser, forming 6.4 cm x 110 cm sections (see Fig. 7.55). These 
sections will be interconnectd in groups of 18 to form panels, 
and later cut length-wise (along the strip) to form individual 
solar cells. Each 6.4 cm x 110 cm section will become 14 solar 
cells . 

The cutting speed is 25 cm/sec (110 cm in 4.5 sec), using 
a continuous wave (CM) NdrYAG laser with a 50-watt beam power 
(2.5 kW input at 2 % efficiency). 

A laser was chosen over EB guns for cell cutting because 
of anticipated problems in returning electrons to the gun, 
specifically those electrons which open the kerf and travel 
through the solar cell material. The use of lasers also avoids 
putting electrical surges through the cells, which could de- 
grade the cell properties. 

A solid state Nd:YAG laser was chosen over the more ef- 
ficient CO 2 gas laser (2% vs 15%) for three reasons: a power 

intensity a hundred times greater can be achieved with a YA6 
laser (smaller kerf) because of the small angle of resolution 
that can be achieved with its ten times shorter wavelength 
(1.06 microns); COj laser radiation is reflected strongly by 
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PERSPECTIVE VIEW; 


Cutting Laser 



MIMOt 


FIGURE 7.55: CELL CROSSCUT 




aluminum, which might cause delamlnatlon problems when cutting 
through the^alumlnura rear contact; and C0 2 lasers are larger 
(up to 10 times) than YAG lasers and their gaseous laser me- 
dium Is more difficult to maintain than solid state laser 
rods. 

YAG lasers are used today In the scribing and breaking 
of solar cells. Solar cells at the SMF, however, will need to 
be cut completely through, requiring more power. If vapori- 
zation Is achieved fast enough, little heat Is conducted Into 
the cells, resulting in a narrow heat affected zone and no 
physical distortion of the cell material. Increasing the cut- 
ting speed also tends to decrease the degradation of those 
layers In the cutting region for which penetration requires 
relatively more Input power to achieve vaporization. The 
waste heat (98% of the input power) will be radiated to space 
at a temperature of 410°K by an 8.0 kg pyrolitic graphite 
radiator connected tothe top of the laser. 

Figure 7.55 also depicts the basic laser operation. The 
laser rod, consisting of the host material, neodymium-doped 
yttrium aluminum garnet (Nd:YAG), is placed along one focus 
of an elliptical reflector cavity. A krypton flash lamp 
placed at the other focal axis optically excites the laser 
material (these lamps are replaced every 200 hrs by an auto- 
matic refill mechanism with a 20 lamp magazine.) The resul- 
ting coherent beam of radiation emanating from the partially 
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reflecting output mirror is mechanically deflected and focused, 
using mirrors and lenses, onto the cell surface. The position 
of the focus is set by the focal length of the final lens 
(usually 35-50 mm) which must be protected from the metal va- 
por by a shielding gas. An oxygen canister attached to the 
laser's side provides this modest oxygen requirement. The 
focusing becomes more critical with thickness and melting point 
and requires +.1 mm J-D positioning accuracy for reflective 
metals. A metal shield beneach the cutting zone obstruct 
the laser beam one*, it cuts through the cell. 

Some of the system controls needed for the laser are 
position of deflection miners, focal lens-to-work distance 
for kerf compensation, shielding gas flow, laser head tem- 
perature, and beam power. Reference 7.6 discusses numerical 
control of lasers used for cutting in the textile industry. 
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SPECIFICATION SHEET 
Machine Name: Cell Crosscut 

Function of Machine: To crosscut the sola** cell material strip 

every 6.4 cm 

Mass of Machine: 22 kg 

Physical Oi. tensions: .5 m x 1.1 m x 2.5 m 


Throughput/Machine (tons/year): 


Power Requirements ( KW/machine) : 2.5 


Number of Machines: 
Number of Operators: 
Components : 
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7.8.14 DV of Interconnects : For cell and panel interconnects, 

the reference SMF requires 1.05 meter-wide, 50-micron thick 
aluminum strips, with lengths totalling 5.1 x 10® meters per 
year. Each 633-meter-long solar cell array segment produced 
by the factory requires 27.6 m of cell interconnects and 1.6 
meters of panel interconnects. The 3 mm x 50 micron x 1.05 
meter interconnects are produced by direct vaporization in a 
separate facility. Eleven hundred tons of aluminum are sup- 
plied to this process (in 1 m x .7 m x 2 cm slabs from the 
SMF continuous caster) to deposit 740 tons of interconnects, 
enough for one SPS. 

As shown In Fig. 7.56, five deposition belts moving at 

2 m/minute through 5-meter-long deposition sections are used 

to deposit the 50 micron thick Interconnects. Depositing at 

20 microns/nr nute requires 347 kW per belt, or 10 EB guns each 

receiving 34.7 kW. Geometrically, the equipment is similar 

to the sections for A1 rear contact deposition (Sec. 7.8.3) 

and for DV of Si (Sec. 7.8.5). A total of 233 kg of liquid 

sodium per strip is pumped at 1 .' kg/sec through the EB guns 

and thermal cooling plates beneath the belt (400 P K input, 

2 

600°K output). A 135 m aluminum sheet radiator dissipates 
the heat from the liquid sodium at an average temperature of 
475 # K. 

After the 1.05m wide layer of deposited aluminum is 
peeled form the belt, it is rolled up, with a 50 micron thick 

teflon film between successive layers to prevent vacuum 
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FI SURE 7.56: DV OF INTERCONNECTS 


welding of the aluminum. Each 276-meter-l ong roll is 20 cm 
in diameter, and lasts through 70 array segments for cell in- 
terconnectors and 170 array segments for panel Interconnectors . 


SPECIFICATION SHEET 
Machine Name: DV of Interconnects 

Function of Machine: To produce aluminum interconnect strips 

for panel and cell interconnection 
Mass of Machine: 2650 kg 

Physical Dimensions: 6 m x 1.05 m x 7 m 

Throughput/Machine (tons/year): 740 

Power Requirements (KW/roachine) : 358 

Number of Machines: 5 

Number of Operators: 0 
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7.8.15 Cell Interconnection : Immediately after crosscutting, 

the cell-to-cell interconnect is attached (see Fig. 7.57). An 
interconnect feeder (see side view) slides a 1.05m wide inter- 
connect into the 1 mm-wide slot between sections. The 50 mi- 
cron thick interconnect is then electrostatically welded to 
the rear of the aluminum substrate of the leading section and 
to the collector bars of the following section. The electro- 
static welder is in two units, which clamp the sections and 
interconnects from above and below during welding. An align- 
ment mechanism on the lower unit ensures a 1 mm gap between 
sections. These two units, together with the interconnect 
feeder, travel with the sections at .85 m/min during this op- 
eration. They then return to wait for the next gap between 
sections. The final configuration is shown in Fig. 7.58. The 
1 -mm 'tail* on the interconnect is the end held by the feeder 
during clamping and welding. Mechanical cutters sever the 
interconnect from the interconnect strip immediately after 
welding. 

The timing on the interconnection is such that no section 
is ever cut entirely loose -- it is either still a part of the 
continuous strip or already connected to the one ahead of it. 
The exception is the section leading a panel, which is not con- 
nected to the trailing section of the preceding panel; there- 
fore the panels are separate after this production step. Each 
panel consists of 18 6.4 cm x 110 cm sections. Therefore 
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FIGURE 7.57: CELL INTERCONNECTION 




every eighteenth gap between sections is left open by the inter- 
connecter. All the sections are held between rollers (omitted 
in the figure) during all phases of the operation. 

The interconnects are fed from spools of interconnect 
strips produced by a separate machine (see Sec. 7.8.14). The 
teflon film inserted between layers of aluminum (to avoid va- 
cuum welding) is wound onto another spool as the interconnect 
strip is unwound, and the teflon strips are returned to the 
interconnect production equipment. 


Silicon Wafer 



FTRHRF 7.58: SIDE VIEW OF INTERCONNECT 
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SPECIFICATION SHEET 
Machine Name: Cell Interconnection 

Function of Machine: Application of interconnects between cell 

sections 

Mass of Machine: 70 kg 

Physical Dimensions: .5 m x 1.1 m x 1.5 m 

Throughput/Machine (tons/year): — 

Power Requirements (KW/machine): 


Number of Machines: 266 
Number of Operators: 0 

C omponents : 
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7.8.16 DV of SlOg Optical Cover : After the 6.4 cm x 110 cm 
sections are interconnected into 18-section pannels, the 75 
micron silica glass optical cover is deposited onto the silicon 
wafers, front contacts, and interconnects. The deposition is 
done by direct vaporization, using equipment similar to that 
used for the DV of the A1 rear contact (Sec. 7.8.3) and for 
the DV of Si (Sec. 7.8.5). 

As shown in Fig. 7.59, the deposition length of 15.9 
meters Is divided into three 5.32 m sections. The solar cell 
material travels at .85 m/min on a soft-surface belt through 
the deposition sections, where the Si0 2 is direct-vaporized 
at 4 microns/minute. The belt has a soft surface to avoid 
putting bending stresses on the cell material, which now has 
Interconnects protruding from its surfaces. 

Each deposition section contains 10 electron beam guns 
and 10 slab feeders. The EB guns (clustered in groups of 
five) each receive 7 kW of input power. Each slab (1.0 m x 
1.0 m x .04 m) lasts 7.9 days; the slab magazines each hold 
6 slabs. The slabs are delivered ready-to-use to the SMF. 

Since the panels have not yet been connected together, 
the collector bars of the leading sections and the rear con- 
tacts of the trailing sections in the panels must be left un- 
covered for later interconnection. Therefore, before the 
panels enter the first Si0 2 deposition section, a masking de- 
vice places a magnetic masking strip ( 4 mm x 1 m) over the 
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FIGURE 7.59: DV OF SIQ o OPTICAL COVER 



Inter-panel gap (see Fig. 7.60). The strip is magnetically 
attracted to the belt and rests across the two panels, holding 
them to the belt. The back edges of the strip are shaped to 
overhang the contact surface, thus shielding it without be- 
coming attached to the panel by the S i 0g . The masking strips 
are removed by a handling device as the panels leave the last 
deposition section. Each masking strip picks up 75 microns of 
SiOg as it passes through the sections. When that coating ex- 
ceeds .5 mm (7 passes through the sections) the masking strip 
is taken to a cleaning facility. Cleaned strips are returned 
to the deposition equipment. 

In solid form, S i 0g is not sufficiently conductive to re- 
turn electrons from an electron beam to the gun. During nor- 
mal operation, however, the molten layer of S i 0g at the lower 
edge of the slab can conduct the electrons to pickup brushes 
at the side edges. To start the depos i tion process ( such as 
after maintenance and repair shutdowns), the slab feeder 
heats the slab resistively along its lower edge. The problem 
could also be avoided by using lasers rather than EB guns, 
but they are not as energy-efficient (15% vs 50%), and lasers 
with wavelengths appropriate for glass (e.g. C0£ lasers) tend 
to be heavy and to require more maintenance. Further experi- 
mental research on DV of S i 0g is needed to develop this pro- 
cess i n detai 1 . 

When S i 0g is vaporized onto a surface, some chemical dis- 
sociation tends to take place, leading to a layer of SiO 
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FIGURE 7.60: DV OF Si0 2 OPTICAL COVER 

DETAIL VIEW 


rather than SK^. This can be avoided by operating the process 
with excess oxygen. Therefore oxygen (available from the mooi) 
Is kept in pressurized cannisters above the slabs and released 
toward the solar cell strip as needed. This oxygen is even- 
tually lost to space. 

The soft surface belt serves both for structural support 
and thermal control of the solar cell material during deposi- 
tion. Each belt is 53 meters long, with geometry similar to 
the thermal belt used in earlier processes (Sec. 7.8.2). The 
belt is cooled by thermal plates. For each strip, 403! of the 
input power to the EB guns [(.4)(210 kW) = 84 kW] is removed 
through the thermal plates by .3 kg/sec of liquid sodium (400°K 
input, 600°K output). Estimating a total pipe length of 100 
meters to a radiator and back, and a flew veTocity of .5 m/sec, 

each strip requires 62.7 kg of liquid sodium. The radiator 
2 

is a 37.2 m aluminum sheet at 475°K located roughly 30 meters 
below the returning portion of the soft surface belt. This 
radiator area is 2.2 times the deposition area, and therefore 
extends beyond this deposition section. In addition each 7 kW 
EB gun wastes 50% of that power through a 13.8 kg pyro*'tic 
graphite radiator at 630°K. 

Following the deposition and the removal of the masking 
strips, the solar cell material is separated from the soft 
surface belt and travels on to the next process. The soft 
surface belt curves around a roller and returns to the start 
of the section. 
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SPECIFICATION SHEET 


Machine Name: DV of Silica Optical Cover 

Function of Machine: To deposit 75 microns of SiO- onto the 

silicon wafer, front contact, and cell 
Mass of Machine: 6660 kg Interconnects. 

Physical Dimensions: 19 m x 1.1 m x 3 m 

Throughput/Machine (tons/year): 


Power Requirements (KW/machine) : 


Number of Machines: 266 

Number of Operators: 0 
Components: 

.umber/ 

lachlne 

Mass (Kg) 

Power 

Required 

(KM) 

EB Gun 


25 

7 

Filament Magazine 

III 

.04 

0 

Slab Feeder 

hr 

60 

.01 

Masking Strip Handling Device 

m 

50 

1 

Masking Strip Magaz ne 

2 

5 

0 

Oxygen Dispenser 

3 

10 

.001 

Panel Baffles 

6 

.25 

0 

Side Baffles 

6 

.05 

0 

Side Baffle Guide 

6 

2 

.01 

Soft Surface Belt 

1 

3000 

0 

Motor/Dri ve 

1 

700 

15 

r-.v; Poller 

2 

50 

0 

* 

Cool i i ) System 

3 

50 

mm\ 
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7. 8. 17: DV of SiO ., Substrate : Following the deposition of the 

optical cover, the solar cell material moves on to the direct 
vaporization of the silica substrate. As shown in Fig. 7.61, 
this section consists of two S i 0^ deposition sections 
operating on the underside of the solar cell material. The 
equipment in the section 's exactly similar to the equipment 
for the deposition of the optical cover (Sec. 7.8.18), except 
that it is upside-down relative to that section, and that this 
section is only two-thirds as long (the substrate is 50 microns 
thick) . 

The 10.6 m deposition length (deposition rate 4 microns/ 

min) is divided int sections, each with 10 EB guns and 

10 slab ^eeaers. The guns each receive 7 kw of power and waste 

50$ of that power through 13.8 kg pyrolitic graphite radiators 

at 630°K. The soft surface belt is 41 meters long, and is 

cooled by .2 kg/sec of liquid sodium through thermal plates 

(400°K input, 600°K output). Each strip requires 41.8 kg of 

2 

sodium circulated to a 24.1 m aluminum sheet radiator at 
475°K, roughly 30 meters "above'’ the soft surface belt’s 
returning portion. This radiator area is 2.2 times the depo- 
sition area and therefore extends beyond this deposition section. 

Similarly to the DV of optical c^ver, masking strips are 
applied to the inter-panel gaps to shield the trailing edges 
cf panel from the silica deposition. This leaves part of 
the rear contacts of fe trailing solar ceil sections e .^osed 
for later panel inca- connection. Since these strips pick up 
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FIGURE 7.61: DV OF SIP * SUBSTRATE 



50 microns of Si^ with each pass through the deposition 
sections, they are used ten times before the 0.5 mm of SiOg 
are cleaned off in a separate facility. 

The successive applications of the S i O 2 optical cover 
(Sec. 7.8.16) and SiO^ substrate coat the cell interconnects 
with silica, thus strengthening the connections between 
sect*ons within a panel. The final cross-section of a cell 
interconnect is shown in Fiq. 7.62. 


Silicon Wafer 


Optical Cover 



(TO SCALE) 


FIGURE 7 . 62 : CROSS-SECTION Of CELL 

INTERCONNECT 
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SPECIFICATION SHEET 


Machine Name: DV of S i O 2 Substrate 

Function of Machine: To deposit 50 microns of SiO? onto the 

A1 rear contact and cell interconnect 

Mass of Machine: 

Physical Dimensions: 13 p x 1.1 m x 3 m 
Throughput/Machine (tons/year): — 

Power Requirements (KW/machine) : 155 


Number of Machines: 
Number of Operators: 
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EB Gun 

20 

25 

7 

Filament Magazine 

20 

.04 

0 

Slab Feeder 

20 

60 

.01 

Masking Strip Handling Device 

2 

50 

1 

Masking Strip Magazine 

2 

5 

0 

Oxygen Dispenser 

2 

10 

.001 

Panel Baffles 

m 

.25 

0 

Side Baffles 

n 

.05 

0 

Side Baffle Guide 

n 

2 

.01 

Soft Surface Belt 

1 

2000 

0 

Motor/Dri ve 

i 

500 

10 

End Roller 

2 

50 

0 

Cooling System 

2 

50 

.037 
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7.8.18: Masking Strip Cleanup : The silica-coated masking 

striDS used in the direct vaporization of optical covers 
(Sec. 7.8.16) and substrates (Sec. 7.8.17) are cleaned in 
an automatic facility. This facility, conceptually similar 
to the mask cleanup device (Sec. 7.8.11), is shown in 
Fig. 7.63. 

A masking strip magazine filled with coated strips and 
an empty magazine are loaded into an evacuated outer chamber 
(the two-chamber design reduces pumping requirements). After 
the chamber is sealed and filled with argon, the strips are 
automatically fed through cleaning rollers and into the 
empty magazine. 

The silica flakes removed from the strips by the brushes 
are suspended in the argon and filtered out by a gas recir- 
culation system. Once the strips are cleaned, the inter- 
chamb 2 r slits are closed and the outer chamber is evacuated. 
The magazine with the clean strips is removed, and another 
magazine of coated strips is inserted. Estimating that each 
magazine holds 200 strips, each strip takes 15 seconds to 
clean, and the pumpdown and reloaj steps take 10 minutes; 
each magazine-full requires 1 hour for cleaning. Based on 
an allowable thickness of .5 mm of silica before cleaning 
(7 passes through DV of optical cover, or 10 passes through 

7 

DV of substrate), and a yearly production of 9.5 x 10 panels 
per year (including wastage allocations), roughly 2.3 x 10^ 
masking strips must be cleaned per year, and therefore 15 

masking strip cleaners are required (90* duty cycle). 
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FIGURE 7.63: MASKING STRIP CLEANUP 





SPECIFICATION SHEET 


Machine Name: Masking Strip Cleaner 

Function of Michine: To remove deposited silica from masking strips 

Mass of Machine: 1 kg 

Physical Dimensions: 5mx4mx2m 

Thr.ughput/Machine (tons/year): 

Poorer Requirements (KW/machine) : 7 


Number 

of 

Machines : 

15 

^ 01 






L C 


Number 

of 

Operators : 

0 

Of 

-Q JZ 
e m 

A/I 
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7.8.19. Panel Alignment and Spare Panel Insertion : After the 

optical covers and substrates have been deposited on the 
110. 3 cm x 117 cm panel, each panel is accelerated to lm/minute 
by soft-surface belts (soft-surface to avoid bending stresses, 
since the interconnects protrude), then guided by rollers through 
the panel removal and insertion zone. The panels then enter 
the panel deceleration zone, where they are decelerated and 
aligned with their predecessors, adding to the backlog of 
panels waiting panel interconnection. The operations are 
shown in Fig. 7.64; although the figure shows this machine in 
two sections, the solar cell panels actually move in a con- 
tinuous straight line. When the panels are accelerated to 
100 cm/min, the gap between them widens to 20 cm (12 second 
time lag), facilitating removal/insertion operations. The 
purpose of this arrangement is to guarantee a continuous supply 
cf panels to the panel interconnection, each panel aligned with 
its neighbors. 

The first device in the panel removal and insertion zone 
is the defective Dane! shunt. If quality control devices 
indicate that the now-completed panels are substandard, the 
defective panels are diverted into the defective panel hopper. 

The contents of this f ^ r per are discarded as waste during 
maintenance operations. 

flext, satisfactory panels travel through the extra panel 
shunt. If the strip is producing panels faster than its 
neighbors, or if there is a stoppage in the downstream array 
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assembly operations, some or all of the produced panels can 
be diverted into the extra panel hopper. These panels then 
become spare panels, to be used in factory production strips 
with insufficient output. 

The next device in the sequence is the spare panel inser- 
ter. Should one strip be slower than the others, its backlog of 
panels dwindles relative to the other strips. Optical sensors 
report this, and a computer sends commands to speed up that 
strip. Should the strip not speed up, or should a strip fail 
entirely, such that its backlog threatens to drop to zero, 
the computer requests spare panels. These are inserted just 
before the deceleration zone. The spare panel hoppers are 
restocked from the panels accumulated in the extra panel 
hoppers. The hoppers are emptied or refilled by a "crawler 1 
(similar to the one shown in Fig. 7.40; crawlers are described 
in Chap. 8). In case of breakdown of a panel insert machine, 
the crawler is also capable of feeding spare panels into the 
production strip until repair of the machine is completed. 

After the removal and insertion zone, panels travel 
through the deceleration zone before reaching the backlog 
area, where the panels are moving at .85 m/min. The objective 
is to stop the panel within 1-2 mm of the moving trailing edge 
of the backlog. Optical sensors track the leading edge of 
the coasting panel and the trailing edge of the backlog and 
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FIGURE 7.6 4: PANEL ALIGNMENT AND SPARE 

PANEL INSERTION 



a microprocessor calculales the intersection time and place. 

Computer-control 1 ed variable-speed rollers then slow down 

the panels and bring them into close alignment, ready to 

* 

enter the panel interconnect machine. 


SPECIFICATION SHEET 

Machine Name: Panel Alignment and Spare Panel Insertion 

Function of Machine: Removal and insr spare panels and 

panel alignment 

Mass of Machine: 284 kg 

Physical Dimensions: 18 m x 1,1 mx2m 


Throughput/Machine (tons/year): — 
Power Requirements fKW/machine) : 10 
Number of Machines: 266 

Number of Operators: 0 

Components:.. 


Accelerator Belts 

1 

70 

.5 

Variable Speed Rollers 

32 

.8 

.2 

Panel Remover 

2 

22.5 

.7 

Panel Inserter 

1 

22.5 

.7 

Panel Hopper 

3 

30 

0 

Sensors 

10 

.1 

.1 

Guide Rollers 

60 

.5 

0 
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7.8.20. Panel Interconnection : As shown in Fig. 7.65, the 

aligned panels (110 cm x 117 cm) are now interconnected in a 

manner similar to the cells (Sec. 7.8.15). An interconnect 

* 

feeder places an aluminum panel -to-panel interconnect (14 
cells wide) between two successive panels in a strip. 

The side view in the figure shows that the interconnect 
is applied between the aluminum rear contacts at the trailing 
end of the leading panel and the collector bars on the leading 
end of the following panel. These surfaces were protected 
from the S i Og deposition by masking strips (Sec. 7.8.16 and 
7.8.17), and are therefore accessible to the interconnect. 

The panel -to-panel interconnect is electrostatically bonded 
in place. 

The combination of panel alignment (Sec. 7.8.19) and panel 
interconnection produces 14 parallel strips of interconnected 
panels (on 14 parallel production strips) in each solar cell 
factory subsection. The parallel panels are lined up with 
each other, in preparation for structural interconnection, 
which will form the 14-oanel wide array segments. At this 
stage, however, each panel consists of 1G sol ar-cel 1 -material 
sections, each 6.4 cm x 110 cm; each of these will be cut 
into 14 solar cells. 

Connections between strips of panels can be made in similar 
fashion, by electrostatic welding of cro c s-connectors . This 
operation depends on the actual circuits required in the solar 
cel 1 arrays, which are not entirely clear to the study group 
from the literature studied. 
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SPECIFICATION SHEET 
Machine Name: Panel Interconnection 

Function of Machine: Application of Interconnect between panels 

Mass of Machine: 65 k 9 * 

Physical Dimensions: .5 m x 1.1 m x 1.5 m 
Throughput/Machine (tons/year): — 

Power Requirements ( KW/machl ne) : 7.1 

Number of Machines: 266 

Number of Operators: 0 
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Electrostatic Welder 

1 

1 
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1 

20 

1 

Interconnect Roll 

1 

15 
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Sensors 

2 

.1 
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Variable Speed Rollers 
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7.8.21. Longitudinal Cut: After the panel interconnection, 

the strips of panels are cut lengthwise (along the strip) by 
a laser. This laser, similar to the one used in cell crosscut 
vSec. 7.8.13), produces 13 parallel lengthwise cuts in the 
panels, at 7.8 cm intervals. With 1 mm kerf loss, the re- 
sulting solar cells are 7.7 cm x 6.4 cm, and the panels each 
ho: 252 cells (14 x 18 cells), as per JSC-Boeing design. 

Figure 7.66 shows the cutting process. The laser cuts 
through the cell interconnects (but not the panel interconnects). 
This separates the cells from their side neighbors, leaving 
them connected in series along the strip, but cross-connected 
by the panel interconnects. As shown in the top view, the 
longitudinal cuts do not extend all the way through the leading 
panel, leaving intact the leading edge of the interconnect. 
Although the trailing row of cells therefore remains connected 
across their rear contacts, this is acceptable since the rear 
contacts of the panel's last 14 cells are connected by the 
panel interconnect; they are therefore electrically equivalent, 
and need not be physically separated. The top contacts of 
those cells are separate, whether or not the cells are cut 
apart . 

The leading edge of the following panel is different, how- 
ever. There the top contacts of the first 14 cells are 
connected by the panel interconnect, and therefore electrically 
equivalent. However, each rear contact has a cell between it 
and the equivalent top contacts, and should therefore be 









separate. The cuts therefore start ahead of the cells, notching 
the panel Interconnect. 

Should It be advantageous to separate the leading panel 
cells as well, the longitudinal cuts can extend into the 
leading edge of the panel interconnect also. In that case 
the study group recommends that the spacing between panels 
be Increased to 4 mm, and the panel interconnects widened 
accordingly. Therefore the notches cut into the panel inter- 
connects would not structurally weaken them too much. 

The laser makes all the longitudinal cuts in a 110.3 x 
6.4 cm section before going on to the next. It must cut a 
total of 83.2 cm in 4.5 sec or about 20 cm/sec in performing 
1 3 longi tudinal cuts. The laser is moved across the section 
by a tracking system, in 7.8 cm intervals. Including beam 
turn-on and shut-off power, the laser requires about the same 
power as the laser crosscutter, and therefore has the same 
parameters . 
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SPECIFICATION SHEET 


Machine Name: Longitudinal Cut 


Function of MachlnerTo make 13 lenghtwise cuts In each panel, 

separating the panel sections in solar cells 
Mass of Machine: 48 kg 

Physical Dimensions: .5 m x 1.1 m x 2.5 m 
Throughput/Machine (tons/year): — 


Power Requirements (KM/machine) : 2.6 

Number of Machines: 266 

Number of Operators: 0 

Components : 

Laser 

Krypton Lamp Magazine 
Guide Rollers 

Shield ~ ~~~ ~~~ 

Laser Tracking System 
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7.8.22. Kapton Tape Application ; As shown in Fig. 7.67 (a 
view from "below" the solar panel strips), kapton tape is 
applied both crosswise ar. 1 lengthwise to fasten adjacent 
panels together. Stationary rollers unroll 13 strips of 
tape lengthwise, onto the underside of the solar cell array, 
while soft rollers provide support on the topside. Each 
stationary roller originally holds 633 m of kapton tape, the 
length of each solar cell array 'package.' 

After the sheet passes through the stationary rollers, 
cross rollers unroll tape across the strips, onto the inter- 
section between successive panels; each roller is also 
accompanied by a soft roller for support on the topside. 

These rollers move along with the panel in the lengthwise 
direction, at .85 m/sec, and move back after each tape 
application. There are 8 crossrol 1 ers , each of which can 
tape 2 panel widths at a time. The crossrollers tape in a 
staggered manner (as shown in the figure) from row to row 
so that the array is entirely connected together. Each 
individual roller tapes only two panel widths (2.2 m) at a 
time, so that the failure of one crossroller will not cause 
a production shutdown. Spare tape rolls are stored in 
magazines which are periodically refilled by crawlers. The 
crawlers can also temporarily take over the function of a 
roller during repairs. 

The kapton tape connects the panels into connected arrays 
14 panels (15.5 m) wide by 541 panels (633 m) long, as per 
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FIGURE 7.67: KAPTON TAPE APPLICATION 


the Boeing design. At full production, the entire solar cell 
factory could produce 19 of these 'packages' at one time, 
from 266 strips grouped into 19 sets of 14. In actuality, 
some of these strips are down for maintenance or repair, and 
some are producing spare panels (see Sec. 7.8.19). 


SPECIFICATION SHEET 
Machine Name: Kapton Tape Application 

Function of Machine : Appl ication of Kapton tape to glass substrate 

in crosswise and lengti/ise directions, bridging 
Mass of Machine: 215 kg separate panels 

Physical Dimensions: 5 m x 16 m 3.5 m 

Throughput/Machine (tons/year): — 

Power Requirements (KW/machine) : 12 ^ 

Number of Machines: 19 

Number of Operators: 0 
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7.8.23. Array Segment Folding and Packaging : The solar cell 

packager accordion-folds the final solar cell product, a 
15.5 ra x 663 m array, directly into a cushioned storage box. 
Vertical deflectors buckle the incoming solar array so that 
it folds properly (see Fig. 7.68), and a mechanical arm guides 
the trailing edge into the box. The filled box is pushed down 
below the folding section by mechanical rollers and its top is 
attached. At this time the box is labeled with the production 
strip and time and any other relevant information (e.g. defects, 
expected efficiency). 

A crawler (dedicated to the packaging section) picks up 
the finished box of solar cell array. The crawler also loads 
an empty box into the packaging machine above the following 
section. Box tops are loaded below the folding section. 

The crawler can car**y 4 boxes at one time. Finished 
boxes are loaded by the crawler directly into the internal 
transport system for transfe; the input/output station. 

Since a number of boxes and box tops for the 'finished' 
arrays are in transit and at the SPS assembly site at any time, 
each machine has 10 boxes and box tops allocated to it, to 
ensure their availability. Empty boxes and tops are returned 
to the SMF from the SPS assembly site. The boxes are the 
longest item (16 m long) to be handled by the SMF's internal 
transport system (described in Chap. 8). 
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SPECIFICATION SHEET 


Machine Name: Array Segment Folding and Packaging 

Function of Machine: Accordion-fold and package solar cell arrays 

Mass of Machine: 1460 kg 

Physical Dimensions: 8 m x 16 m 

Throughput/Machine (tons/year): 2200 

Power Requirements (KW/machi ne) : 1.1 


Number of Machines: ig 
Number of Operators: 0 
Components : 

Number/ 

Machine 

Mass (Kg) 

Power 

Required 

(KM) 

Guide Rollers 

154 

.5 

0 

Vertical Deflectors 

3 

10 

.1 

Box Alignm^nL 

1 

300 

1 

Trailing Edge Guide 

1 

50 

.01 

Box Labeling 

1 

5 

.01 

Boxes and Tops 

10 

100 

0 
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7.8,24. Note on Radiators : As described in the preceding 

sections, the deposition, recrystal lization, annealing, and 
sintering processes dissipate roughly 40% of their input power 
by circulating a fluid through thermal plates below their 
deposition belts and out to 1-mm-thick aluminum sheet rao.ators. 
Estimating that this cooling is done with liquid sodium with 
inlet temperature 600°K and outlet temperature 400°K, the 
'thermal average' temperature is 475°K, from the formula 



At this effective temperature, the radiator sizes required for 
the various production steps along a strip are shown in 
Fig. 7.69, a modification of Fig. 7.41. Each radiator has 
the same width as the strip (1.1 m). As the figure shows, 
although some radiators extend beyond their associated de- 
position section, the total radiator area does not extend 
beyond the factory area. 

The radiators are roughly 30 meters away From the production 
strips, in a plane parallel to the factory. They therefore 
collectively shield the equipment from micrometeorites. The 
30-meter distance was chosen to allow free movement of the 
free-flying teleoperators (described in Chap. 9) between the 
radiators and production equipment. The total travel distance 
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ofthe coolant was estimated at 100 meters, including travel 
within thermal plates and pumping systems, travel along the 
radiators, and the round trip between factory and radiator. 

Those sections requiring coolant-fed radiators (and 
several other processes as well) require thermal waste system 
to dissipate the remaining energy input. Estimating that 10% 
is lost by direct radiation from the equipment and irt deposition 
vapors lost to space, roughly 50% of the input power t a number 
of processes must be dissipated. In all of these pr»,c .ses. 
this waste heat must be removed from electron beam guns or 
lasers, and these EB guns and lasers are on tne opposite side 
of the production strip from the thermal belt radiators. 
Therefore these EB guns and laser; can be cooled by radiators 
on their side of the production strips. 

The EB guns and lasers are cooled passively, by heat pipes 
feeding pyrolitic graphite radiators (except for the DV of 
interconnects, which are cooled by circulated coolant). Since 
rost of the EB guns used in deposition are clustered in groups 
of five, each gun occupies roughly 20 cm of the 110-cm width 
of the production strip. The pyrolitic graphite radiators 
arc therefore rectangular, with width 20 cm and length equal 
to half the length of the deposition chamber (thus sharing 
the area with the EB gun cluster at the other e"d of the 
chamber) such as in the DV of SiO£ (Secs. 7.8.16 and 7.8.17). 

In those cases where only two EB guns are used, their radiators 
are 50 cm wide. 
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FIGURE 7.69: ALUMINUM SHEET RADIATOR SIZES FOR 

solar cell factoiy 




Given this sizing, the radiators for the EB guns range 
in operating temperature from 260°K to 720°K. The laser 
radiators operate at 410°K. Collectively, these pyrolltic 
graphite radiators cover the deposition sections on the side 
unprotected by the aluminum radiators, thus completing the 
micrometeori te protection of the equipment. These radiators 
need not be removed to access the EB guns, but at least one 
radiator from a cluster of five must be removed to access 
the slab feeders in a deposition section. The radiators are 
therefore designed with disconnect fittings at the end of 
their heat pipes. Removal of one radiator from a cluster of 
five allows a crawler to slide a slab into the section, mail- 
slot-style. The crawler then rotates the slab 90 degrees and 
loads it into a slab magazine. Since the radiator’s EB gun 
can be shut down during the process (the other four take over), 
this does not require a production stoppage. Radiators are 
sized to handle the extra load when four guns assume the 
functions of five. 
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CHAPTER 8 


SMF SUPPORT EQUIPMENT 
8.1 GENERAL REMARKS 

Fig. 8.1 is a plan view of the reference SMF. To the right 
side of the figure is the solar array which provides, along 
with emergency fuel cells, power for the SMF operations. The 
solar array is the only part of the facility requiring close 
pointing to the sun (±1°). The rest of the factory does not 
require close attitude control, but should stay in the shadow 
of the solar array to alleviate heat waste problems and thermal 
deformations. 

To the left of the array is the habitat, providing housing 
for the SMF crew. In the figure, this area is partially visible 
through the cut-away section of the waste heat radiators, 
mounted top and bottom of the habitat. A pressurized tunnel 
connects the living area to the rest of the factory. 

The repair shop is the area in which maintenance and re- 
pair of components from the factory is carried out. This 
section consists of a cluster of shuttle tanks and life support 
equipment. Maintenance and repair are discussed in Chapter 9. 

The docking facility is close to the components factory 
(to minimize the movement of inputs and outputsl, yet distant 
from the fragile solar array, solar cell factory, and habitat 
(in case of docking accidents). Input containers are cylinders 
sized to hold three months of lunar inputs each (assuming pro- 
duction of one 10GW SPS/year). The containers are unloaded 
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FIGURE 8.1 


TOP" VIEW OF REFERENCE SHF 
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by manipulators. Output containers may also be docked to this 
facility and loaded by the same manipulators. The need for 
such containers may not arise if the SMF were at the same 
location as the SPS assembly site. A pressurized docking 
mechanism is provided for the loading and unloading of the 
SMF crew. 

The docking facility and other sections of the SMF are 
connected by a network of tracks along which magnetic trans- 
porters travel. These transporters travel threugh the facility 
to supply machines, transport personnel, and place container- 
ized materials in dedicated storage devices. 

In the solar cell factory, an overhead crawler system 
is used to perform all routine maintenance and support 
operations. The crawler system is described in section 8.4. 
More complex repair operations in the solar cell factory are 
performed by remote free-flying hybrid tel eoper^tors which 
are described in Chapter 9. 

Not shown in Figure 8.1 is the factory production control 
network. This three-command-levol factory control system 
uses sensors to check output quality and machine operation 
and is described in section 8.4. The use of automation in 
factory control is discussed in Addendum II. 

This chapter contains descriptions of the SMF support 
equipment. 
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8.2 INPUT/OUTPUT STATION 

The functions of the input/output station are described 
in secti:n 6.6.1. The docking area consists of two sections; 
an unpressurized area in which cargo modules are loaded and 
unloaded* and a pressurized personnel docking area. Figure 
8.2 is a rough sketch of the Input/output facility. 

The personnel docking area consists of a standard andro- 
gyne docking mechanism to which personnel modules are docked. 
Personnel then transfer through the docking ring to a 
pressurized tunnel leading to the habitation and repair 
sections of the SMF. A pressurized docking facility is used 
because it removes the need for transiting crew members to 
wear space suits. The habitat is at some distance from the 
docking area so that, in the event of a docking accident, a 
minimum of damage to pressurized areas will result. 

The unpressurized docking areas are the input/output 
stations for SMF materials. Cargo modul es--si zed to hold 
three r nths worth of lunar input (for a production rate of 
1 SPS/year )--dock between trusswork piers. Two manipulator 
arms, each with a 40m reach and the ability to move along 
the trusswork piers, are used to load and unload each container. 
A human c )erator controls each of the manipulators; however, 
det , '*'i ination of the order in which unloading of goods occurs 
io a function of the production management system (described 
in section 8.5). In addition to the loading and unloading of 
•-.he containers, the manipulators are used to transport 
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FIGURE 8.2: INPUT/OUTPUT STATION 


assembled DC-DC converter radiators from their production area 
to the output station. 

The input-output station is a major terminal for the 
internal transportation system. Goods unloaded from the 
containers are placed aboard magnetic transporters for dis- 
patch throughout the facility (see section 8.3). 

8.3 INTERNAL TRANSPORT SYSTEM 

8.3.1 Overview : The SMF internal transportation system is 
designed to carry raw materials, personnel, and finished 
products within the facility. In the reference design a 
containerized, magnetic transporter system is used. It should 
be noted that this system uses passive containers; however, 
personnel containers can carry life-support batteries. 

Table 8.1 presents a list of the items to be moved to, 
from, or within the SMF. All of these items mass less than 
3 tons, and nearly all of them could each fit in a space 
1.5 x 2.5 x 16 meters (some are far smaller). Thus, almost 
all of these items may be packaged in specialized containers 
and moved by the magnetic transport system (described in 
section 8.3.2). Storage areas for the specialized containers 
are provided in the system to prevent backups and guarantee 
supply of transporters along the tracks (see Fig. 8.3). 

Molten metal or alloy cannot easily be packaged for 
transport in this system. Pipelines (described in section 7.2) 
provide the necessary movement for molten metal or alloy. 
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TABLE 8.1: ITEMS TO BE MOVED WITHIN THE SMF 


INPUTS 

INTRA-FACTORY 

OUTPUTS 

Aluminum Rods 

Manifolds 

Solenoid Cores 

Busbar Strips 

Glass Rods & Slabs 

Metal Slabs* 

Aluminum Rods & Slabs 

OC-DC Converters 

Magnesium Rods 

Wire 

Silicon Rods & Slabs 

DC-DC Converter Radiators** 

Sil icon Rods & Slabs 

Dopants 

Transformer Cores 

Electrical Wires & Cables 

DC-DC Converter Parts 

Cavities 

Interconnects 

End Joints 

Kapton Tape Rolls 

Housings 

Glass Rods & Slabs 

Joint Clusters 

Klystron Parts 

Kapton Rolls 

Klystron Electronics 

Klystron Assemblies 

Oxygen Tanks 

Spare Parts 

Insulation -- Glass Cloth 

Structural Members 

Spare Parts 
Iron Rods 

Natural Lunar Glass 
Powder 

Dopants 

Glass Foaming Agents 

Pole Pieces 
Repair Crew 

Klyston Radiators 

Solar Cells 
Waveguides 


All these Items can be transported by a magnetic 
transport system, except: 

*These Items are too hot 
**These Items are too large 



Double-headed arrows represent 
Information going to Routing 
Control and commands going to 
SMF Sections and Cart Storage 
1 ocatlons 


TRANSPORT TRACKS 


FIGURE 8,3: INTERNAL TRANSPORT SCHEMATIC 





Metal slabs are also too hot to be easily packaged and there- 
fore proceed directly from the caster to the rolling mill. 
Finally, OC-DC converter radiators, which will not fit in 
the transportation system, are produced near the input/output 
station and handled with manipulator arms. 

One of the functions of the transportation system is to 
transfer materials to and from storage areas. There are three 
types of storage within the reference SMF. The first is bulk 
storage at the input/output station (materials stored in the 
input/output containers). The second type is within the fac- 
tories. When a machine requires small pieces as inputs, an 
internal transport cart can hold many sucn pieces and serve 
as internal storage. The cart is parked on a sidetrack next 
to the input of the machine, which empties the cart as needed. 
When emptied, the cart moves away and a full cart replaces it. 
Similarly, machines which produce small outputs can fill a 
cart, which moves away when full. 

The third type of internal storage is a dedicated storage 
device; this system is described in section 8.3.3. 

8.3.2 Magnetic Transporter System ; The magnetically driven 
transport system shown in Fig. 8.4 carries most SMF inputs 
and outputs as well as repair and maintenance personnel. 
Containers designed to carry particular items (i.e. klystrons, 
solar panel rolls, or repair crews) are supported by a 1.5 
meter cubic framework. Two frameworks may be needed to support 
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FIGURE 8.4: MAGNETIC TRANSPORTER CART 





FIGURE 8.5: TRACK FOR MAGNETICALLY 

DR I VEN TRANSPORTER: SIDE VIEW 







FIGURE 8,6; MAGNETICALLY DRIVEN TRANSPORT E D FRONT VIEW 



containers longer than 1.5 meters, with pivot clamps between 
payload and transporters. Such a payload would then behave 
like a two-bogie railroad car (see fig. 8.5). Eight teflon- 
coated skids keep the framework aligned along a fixed set of 
tracks. 

As shown in Figs. 8.5 and 8.6, the transporter is pro- 
pelled along the track by magnetic induction. Four high- 
permeability plugs are attached to each framework as shown. 

The plugs are made of supermalloy, a nickel-based material 
w 4 th permeability 800,000 at 8000 gauss. Such a material pro- 
duces a higher magnetic f ield concentration than a permanent 
magnet. The transporter is driven by toroidal electromagnets 
made of supermalloy cores wound with copper or aluminum. The 
plugs fit loosely into the gap between the ends of the elec- 
tromagnet, which creates a field of 8000 gauss (if the plug 
is fully inserted), providing energy of 25 joules per pulse. 
Thus ZO electromagnets are needc. to accelerate a two-ton 
block from rest to a speed of Im/sec. 

The track contains 2-meter-long acceleration/decelerati n 
sections near input/output and storage locations Acceleration 
is produced by a series of closely spaced elec 1 omagnets, each 
of which applies force to the plug within it at the command 
of a computer. The computer controls the acceleration by 
varying the current flowing through each electromagnet. After 
acceleration, transporters arc allowed to coast while widely 
spaced electromagnets maintain speed. 
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SPECIFICATION SHEET 

Machine Name: Magnetic Transporter Cart 

Function of Machine: Transport of materials within the SMF 

Mass of Machine: 87 kg 

Physical Dimensions: 1.5 m x 1.5 m x 2.1 m 
Throughput/Machine (tons/year): — 


Power Requirements (KW/machine) : — 


Number of Machines: (depends on detailed 

design) 


Number of Operators: 0 
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SPECIFICATION SHEET 
Machine Name: Transporter Track 

Function of Machine: Guide, control and accelerate transporters 

Mass of Machine: 166400 kg 
Physical Dimensions: 1800 m x 3 m x 2.2 m 
Throughput/Machine (tons/year): — 

Power Requirements (KW/machine) : 22.8 


Number of Machines: 
Number of Operators: 

Components : 

Track (800 m) 
Magnetic Drivers 
Busbars 

Routing Control 
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8.3.3 Internal Storage Device: The internal storage device 

is used to maintain a backlog of materials and parts at key 
points in the facility. 

A magnetic transporter cart stops in front of the machine 
and a push arm unloads a container into the storage tube. The 
container is held in place by a spring and by release clips at 
one end of the tube. The eight tubes hold four containers each 
for a total storage capacity per device of 32 transporter loads. 
The internal storage device rotates to provide multiple loading 
and unloading points. 

The number of machines was etermined by planning for a 
backlog of one day at critical production points. The cost of 
the machine was determined from materials costs and from costs 
of similar industrial equipment. 
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FIGURE 8.7: INTERNAL STORAGE DEVICE 




SPECIFICATION SHEET 
Machine Name: Internal Storage Device 

Function of Machine: To maintain a backlog of materials a-d 

parts at key points in the SMF 
Mass of Machine: 380 kg 

Physical Dimensions: 15 m diameter; 1.6 m thickness 

Throughput/Machine (tons/year): — 

Power Requirements (KW/machine): 2 


Number of Machines: 8 

Number of Operators: 0 
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8.4 CRAWLER SYSTEM 

The crawler system perforins all routine maintenance and 
support operations for the Solar Cell Factory (SCF). It de- 
livers slabs, filament magazines, and baffle rolls to the 
deposition machines; interconnect rolls and kapton tape rolls 
to the assembly machines; spare panels to the panel insert 
machines; and it collects the solar array packages at the end 
of the assembly line. The crawler can, in addition, replace 
broken machines such as EB guns. 

Crawlers move back and forth along tracks running per- 
pendicular to the production strips, and dispense material 
and parts in a predetermined sequence. The crawlers 
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FIGURE 8.8: SOLAR CELL FACTORY SECTIONS 

REQUIRING DIFFERENT CRAWLER TYPES 
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periodically replenish their supplies, and unload broken EB 
guns and filaments, at warehouses located between production 
strips of the SCF. Control of the crawlers is completely 
automatic, requiring no human supervisors. Individual 
crawlers are programmed in different ways, depending upon 
which section of the SCF they serve. 

The SCF may be divided into four subsections that have 
essentially independent support requirements and may be served 
by a dedicated crawler system (Fig. 8.8). The areas are de- 
position area, panel alignment area. Interconnection and 
cutting area, and packaging area. The main diffences between 
different types of crawlers are the loads they carry, their 
manipulators, their end effectors, and their operating programs. 

Each crawler has the same basic frame end drive mecha- 
nisms (Figs. 8.9 and 8.10). The frame is triangular in 
cross-section 5m x 3m x 7m long except for the crawler 
serving the packaging section, which is 17m long. Manipulator 
arms are mounted on tracks to increase their effective reach. 
Their 5m length allows them to cover the widest deposition 
sections. The manipulator end effectors are tailored to the 
sections where they will be used. Deposition section mani- 
pulators, for example, must have end effectors that are 
capable of handling filament magazines, baffle rolls, slabs, 
and replacing broken EB guns. The manipulators must, cor- 
respondingly, have replaceable end effectors. 
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FIGURE 8.9: CRAWLER DRIVE 

AND TOP VIEW OF CRAWLER 
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FIGURE 8.10: CRAWLER: END VIEW 










Crawlers travel between two tracks, one above and one 
below the crawler, and are moved by an electrically driven 
gear (Fig. 8.9). 

8.5 POWER PLANT EQUIPMENT 

Power for the SMF is produced by a solar array situated 
outside the production facilities and connected by a flexible 
joint. The array is the only part of the facility requiring 
accurate pointing toward the sun (±1°). The remainder of the 
factory is shaded by the solar-cell array, thus easing waste 
heat and thermal cycling problems. 

Estimates of power consumption, defined from the speci- 
fication sheets for various SMF processes, are given in 
Table 8.2. The total power requirement for the SMF is 
approximately 240 MW, which, assuming an array efficiency of 
12.5%, equates to a solar cell area of 1.37 km (a square 
1 200m on a side). 

Al 1 the power provided to the SMF is in DC form, except 
that which operates the induction furnaces. The furnaces re- 
quire high AC power at 300 Hz. The DC voltage from the array 
must be fed to each process at a specific voltage level. This 
power conditioning may be achieved by either using DC-DC 
converters or by "tapping" current at appropriate points 
from the solar array by suitably positioned multiple busbars. 
The reference SMF design was DC-DC converters positioned along 
the central structural mast to provide power to the various 
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1MLLJLJ. 

POWER USE IN REFERENCE SMF 


COMPONENTS FACTORY 

POWER (KW> 

Metals, furnaces, and casters 

300 

Ribbon and sheet operations 

1600 

Insulated wire production 

550 

DC-DC converter production 

3 

Klystron production 

40,000 

WAVEGUIDE FACTORY 

Waveguide production 

8,900 

SOLAR CELL FACTORY 1 

Solar cell production 

186,000 

FACTORY SUPPORT 

300 

LIFE SUPPORT (@9 kw/person) 

4,000 
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SMF sections. The AC power for the production furnaces Is 
provided by DC-AC converters. 

In case of solar eclipse, or malfunction of the solar 
array pointing system, power can be produced by emergency fuel 
cells which feed DC power to the power conditioning system. 
During primary power failure, these fuel cells produce enough 
power to avoid damage to equipment and danger to personnel 
while the production equipment shuts down; to keep essential 
support services (docking, internal transport, lift support, 
repair, and attitude control) working until primary po’ ~r 
returns, and to keep the life support systems of the habitation 
section operating. The fuel cells are designed to supply 
emergent power for up to 30 days. From Table 8.2 it can 
be seen that factory support equipment requires 300 KW and 
life support requires 9 KW/person. In the case of a power 
loss the latter figure . ay be cut down to 3 KW/person with 
suitable power conservation measures. The total mass of the 
emergency power source (assuming 440 workers at the SMF) 
is 21T--using a typical fuel cell mass of 16 kg/kw. 

The fuel cells are actually operated at low output at 
all times, to keep them in operating condition, and to produce 
power to handle peak loads (the solar array produces mainly 
baseload power). The cells are fueled with lunar oxygen and 
Earth hydrogen; their water output makes up the water losses 

in the food and water cycles. 
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8.6 PRODUCTION CONTROL 

8.6.1 Control Structure : As described in section 6.6.4, 

production control within the reference SMF is exercised at 
three levels: factory monitoring, factory resources manage- 

ment, and production management. 

The lowest level is factory monitoring, which continuously 
receives Information on machine operation and output quality. 

If product quality is substandard, the factory monitoring 
section sends commands to the factory to adjust the appropriate 
equipment settings. 

If the substandard output persists, or if a machine 
breakdown occurs, the factory monitoring section sends 
commands to the factory to shut down the affected equipment, 
and sends commands to the maintenance and repair section to 
fix the problem. Similarly, the factory monitoring section 
monitors the need for maintenance of the factory equipment, 
and sends commands to the maintenance and repair section to 
do that maintenance. 

In order to perform tiese tasks, equipment monitors 
both the quality of output, and the operation of circuitry 
to initiate corrective commands. For example, in the solar 
cell factory, measurements of deposited film thicknesses, 
grain size of deposited silicon, dopant concentrations, etc. 
are made during production to ensure quality of machine 
outputs. Measurement devices employ a variety of techniques. 
Additionally, the performance of equipment such as electron 
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beam guns, peg welders, and contact masks is monitored so tiiat 
a comparison between output quality and machinery status wili 
allow faults to .2 isolated. For maximum effectiveness 
(minimum wastage) quality control is then exercised at each 
stage of production within the reference SMF. 

Fqu - ‘ 'ment requirements for the factory cannot be easily 
evaluated since the machinery required for quality control is s 
to some extent, dependent upon the final production machinery 
designs. It is clear wever, that sensors, communications 
lines, computational facilities, audio and/or video monitoring, 
and, possibly, teleoperator capabilities will be required . 
Quality control concepts, applied to the Solar Cell Factory, 
are discussed in section 7.6.2. 

The next level in SMF production control and management 
is the factory resources management section. This section re- 
ceives information from several sources. Fr im the factory 
monitoring section, it receives continuous information on 
the status of the factory, i.e. which machines are working, 
which are shut down, which are approaching scheduled main- 
tenance. From the factory itself, the factory resources 
management section receives information on the contents of 
internal storage systems. From the input/output station, it 
receives information on the input and output inventories in 
the cargo modules. 

From all this information, the factory resources manage- 
ment section builds and continuously updates a picture of the 
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resources available for production: status of machinery, size 

and location of material inventories. Based on this picture, 
this section models and predicts factory throughput. It then 
optimizes factory operations in the predictive model. 

The work of the factory resources management is largely 
computational, receiving data from sensing equipment located 
around the factory. 

Inventory control equipment is responsible for the iden- 
tification of and accounting for parts within the facility. 
Additional equipment is required to monitor the contents of 
each of the internal stor: ,e devices throughout the factory. 
Inventory control {as applied to the Solar Cell Factory) is 
discussed in section 8.6.3. 

The system employed is comparable to that currently used 
in factories with automated inventory control. In fact, the 
SMF system is a good deal simpler than that used in, say, 
the automobile industry which keeps account of up to 15,000 
different parts at a given time. The particular case of re- 
source management of the Solar Cell Factory is the subject of 
current work by the study group. 

The factory resources management section of the SMF in- 
cludes several personnel to oversee the operations of the 
complex SMF factories. The large volumes of information re- 
quired are processed by computers. 

The upner level of production control and management is 
production management. The SMF production manager receives 
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Information from within the SMF and from other sectors of the 
space industrialization scenario. From the factory resources 
management section, production management receives updates on 
the resources available to the SMF. From the Moon and the SPS 
assembly site, the SMF production manager receives information 
on shipment schedules for both expected input shipments and 
required output shipments. These facts are then eval uated, to- 
gether with long-range planning goals, to determine the near- 
term objectives of SMF production. Production management then 
gives these objectives to the factory resources management 
section for implementation. 

The production manager must receive information about the 
status of all parts of the factory on request, and, therefore, 
equipment is for communications, data links, computation, etc. 
The actual equipment required is largely dependent on final 
factory designs. 

8.6.2 Quality Control Concepts : Quality control equipment 

will be needed in the SCF to monitor thicknesses, temperatures, 
dopant concentrations and machinery health. This section of 
the Addendum will address options available for some of the 
quality control equipment. 

During the initial part of the solar cell deposition the 
cell 1 \yers will be deposited on a thermal belt designed to 
provide temperature control for several machine processes. 

Ref. 20 surveys temperature instrumentation, of which only 
thermocouples, resistance versus temperature devices (RTD's) 
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and radiation pyrometers operate in the range of temperatures 
encountered by the thermal bt . Infrared thermometers operate 
in the temperature range of concern and are described in 
Ref. 21, which provides an excellent comparison of thermo- 
couple c 'nd infrared thermometers. 

The advantages of an IR thermometer over a thermocouple 
include its quicker response time, virtually infinite life 
and the fact that it is a non-contact sensor. Compared to IR 
thermometers the thermocouples require no cooling services 
and can measure temperatures in inaccessible places. Because 
it is non-contacting, the IR thermometer seems ideal for a 
manufacturing process; however, the vapors in the various 
machines could interfere with the optics of this instrument. 

An attractive technique for the analysis of film thick- 
ness and in the case of the doped silicon, the composition as 
well, is the use of X-ray emissions (Ref. 3). X-ray emission 
involves exciting a thin film with a high-energy source such 
as X-rays or an electron beam. The film produces a charac- 
teristic radiation, the intensity of which is linearly pro- 
portional to the thickness for thin films and increases ex- 
ponentially for thicker films up to a maximum value. The 
procedure has been demonstrated for multicomponent films. 

This nondestructive technique, which is highly accurate and 
requires a short analysis time, is readily applicable to in- 
line process (manufacturing) control. The literature indicates 
that this technique could be very useful for the aluminum 
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contacts and for the boron doped silicon which is five micro- 
meters in thickness. Ref. 3 is not clear as to whether this 
method could be used for the entire silicon film which is 50 
micrometers thick, o'" for the silicon dioxide covers which 
are 50 micrometers and 75 micrometers in thickness. 

8.6.3 Inventory : The Solar Cell Factory requires seven dif- 

ferent outside inputs fcr the manufacture of solar cells, in 
addition to interconnect rolls and zone-refined silicon slabs 
which are internally manufactured. The seven inputs are 
aluminum, silicon, dopants (boron and phosphorus), silica, 
oxygen, and kapton tape. All of these are delivered by 
crawlers o>' a routine basis and, with the exceptions of 
oxygen a :.on tape, are in slab form. 

For ;..e input materials, the accounting system is required 
to keep track of the inventories in the SCF machines, crawlers, 
warehouses, and also the SMF central warehouse. Specifically, 
the system keeps information on the quantity of each input type 
and where and when it was produced. Thus, if a defect in ma- 
terial inputs to the production process is found to cause in- 
ferior quality cells, the defective slabs can be traced back 
to the machine that produced them and the problem investigated. 
The slabs are always handled in special racks after being 
formed and before being unloaded from the crawlers to prevent 
vacuum welding and contamination. When the crawlers unload 
slabs into the deposition machines, the pertinent information 
about the slabs is relayed to a central accounting computer 
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along with the time and the machine location. This central 
computer also keeps track of materials delivered to and sent 
from the SCF and SM F warehouses. Thus the central computer 
is aware at any given time of exactly how much of a given 
input material is in stock or in transit, to or from, the SMF 
warehouse, the local SCF warehouses, the crawlers, or the SCF 
machines. 

The central accounting computer has data concerning ex- 
pected support requirements for such articles as E8 gun fila- 
ments and kapton tape rolls, and unscheduled breakdowns of 
components and is thus able to allocate its resources in the 
most efficient manner possible, ensuring that no warehouse is 
ever understocked. If for some reason a shortage of supplies 
exists, the accounting computer determines which sections of 
the SCF are most capable of absorbing a shortage while main- 
taining adequate levels of production and distributes supplies 
accordingly. 

The computer's method of gathering information on the 
SCF output (solar array packages) is necessarily different 
from that of the inpj^ materials because the outputs may not 
be of completely uniform quality like the input materials 
are. A solar array slightly below average cannot be recycled, 
so either an entire array must be thrown away or a package of 
slightly lower efficiency will be accepted and the SPS resized 
accordingly. Information concerning the quality of a solar 
array package can be relayed to the SPS assembly site prior 
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to its arrival so that appropriate measures, if any, can be 
taken to accommodate the lower quality packages. 

The central computer keeps on file all information 
pertaining to the quality of a solar array package. It re- 
ceives data from the panel insert zone concerning how many 
spare panels were inserted and whether any panels are missing 
from a package. Most importantly, the computer records the 
results of the panel test done prior to the panel insert zone. 
The computer will also be aware of deposition thickness and 
uniformity, dopant concentrations, grain size, interconnect 
weld quality, taping quality, etc. The above information will 
be useful for speeding up repairs to failed panels, and for 
planning array maintenance and renewal strategies. 

The SCF deposition and assembly components that can be 
replaced by the crawler also require an accounting system. 

When these components fail, they are replaced by spares stored 
on the crawler. New and refurbished spares are also stored 
in the SCF warehouses. Components are either in operation, 
in the repair shop, or in a warehouse, or crawler. This 
repair/replacement system is discussed in more detail in 
Chapter 9. 

8.7 HABITATION 

The configuration chosen for the SMF habitat is illustrated 
in Fig. 8.11. As in the JSC-GD study, the habitat consists of 
a number of modules constructed from shuttle external tanks. 

For every seven modules, six are designated "habitation 
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modules" and one a "core module." The habitation modules are 
the basic residential modules, each having eleven levels and 
supporting twenty-one people. The core modules contain dining 
and some recreational areas, and provide support for as many 
as 125 people in case of a severe solar flare. More detailed 
descriptions of these modules are contained in the JSC/GD 
study. 

The ECLSS (Environmental Control and Life Support System) 
modules are nested between the External Tanks. Additionally, 
doorways are cut between habitation modules in several places. 

A small amount of material is used to seal these connections, 
material which may be salvaged from external tank wastage 
(such as parts of the LO^ tanks). The two airlock modules are 
affixed to core modules at both end modules. 

The major departure from the General Dynamics' design has 
been switching from a one-g environment, provided by rotation, 
to a zero-g environment. 

A zero-g habitat was chosen for the SMF for three reasons. 
First, the Soviet Salyut 6 missions have demonstrated no limit 
to zero-g flights up to nearly five months, assuming that a 
rigorous exercise program is adhered to. Thus a six month 
tour of duty (set by radiation limits) should be possible in a 
zero-g habitat. Second, attempting to cycle between a one-g 
habitat and a zero-g SMF twice daily may cause vestibular 
problems to some of the crew. Third, this design reduces the 
shielding requirement by a factor of 2.2. This shielding is 
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provided by a stored backlog of Input materials for the SMF. 

The earliest input from the Moon becomes this radiation shielding, 
and a reduced shielding mass means that only 0.33 months of 
solid input are required (based on one 10-Gw SPS/year production). 

One problem that is intensified by the above design change 
is heat rejection. However, this may only require an increase 
in fluid piping, and not a significant change in radiator mass. 

Table 8.3 shows the habitation specifications for the 
reference SMF with a crew of 600 people. As in the JSC/GD 
study, a crew stay time at the SMF of 6 months total per year 
was assumed--three months in space followed by three months 
on the ground up to a personal maximum of one year in space. 

2 

This was based upon galactic radiation shielding of 210 g/cm 
of lunar-derived material. The total shielding mass is 3.5 kT. 
(The mass and power estimated for the SMF habitat are adapted 
from the JSC/GD P.R. #4.) The paraphernalia associated with 
rotation of the tanks (hub modules, radial connection assem- 
blies, etc.) have been eliminated. Also eliminated are the 
"Central Shaft and Conveyor" assemblies of each residential 

and core module. Finally, flooring mass/area has been set 

2 

equal to that for partitions and walls at 2.5 kg/m . 

The habitat total mass (not including shielding) comes 
to 1800 T. 
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TABLE 8.3 
HABITAT SPECS 


Total Earth Launched Mass (Inert) 

Habitat Shielding Mass (Lunar Material) 

Popul ation 

Power Requirement 

W?ste Heat 

Total Radiator Area 

Consumable Requirement 

Emergency Supply 


1 . 3 x 10 3 tons 
3.5 x 10^ tons 
440 

.0 MW (9 KW/Person ) 
3.6 MW 
9.0 x 10 3 M 2 
178 tons/year 
67 tons 
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8.8 STATION KEEPING EQUIPMENT 

Station-keeping equipment requirements for the SMF are 
dependent upon the orbit in which the facility Is placed. 

In the study guidelines, no specific orbit was allocated f^r 
the facility, and selection of an orbit is outside the scope 
of this study. Correspondingly, no specific descriptions of 
the equipment requirements can be given. 

Two alternative attitude control systems for the reference 
SMF are control moment gyros and thrusters. Because of the 
high moments of inertia of the largely planar SMF, a massive 
control moment gyro would be required. Additionally, in the 
reference design, large moment arms for the action of thrusters 
are available. It would appear then that a thruster system 
would be the more likely candidate for reference SMF use. 

The analysis of the system requirements (number of thrusters, 
fuel requirements, etc.) is, for the reasons given above, 
beyond the scope of this study. 

8.9 SMF STRUCTURE 

The structure of the SMF (not shown in the figures) is 
assumed to account for approximately 10% (2,000,000 kg) of 
the overall mass of the facility. The structure is assumed 
to consist of trusswork, flexible joint for the solar array 
mounting, radiator support . structure , and actively damped 
connectors between each of the factory sections. The main 
structural element is the central mast (see Fig. 8.1) to which 
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all sections of the facility are attached. In addition, the 
mast carries the main factory power distribution equipment, and 
and provides a clear section through which Intra-factory trans- 
porters can operate. Again, detailed design of the structure 
requires better definition of the design loads which, in 
turn, depend on the orbit of the facility. 
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CHAPTER 9 


MAINTENANCE AND REPAIR 
9.1 ; GENERAL REMARKS 

The maintenance and repair operations for the SMF can be 
approached by a variety of different strategies, depending on 
the complexity, location, size, and number of machines being 
repaired. The SMF has at Its disposal human technicians, 
crawlers, and free-flying hybrid teleoperators (FHT's) for on- 
site machine maintenance, repair, and/or removal to the repair 
shop. In the repair shop Itself, the SMF may use either 
repair automatons or human repair crews. 

In general, humans service the components factory, and 
crawlers and FHT's service the solar cell factory. The com- 
ponents factory Includes many different machines with little 
or no duplication. The variety and complexity of the factory, 
coupled with the lack of duplication of components prohibits 
servicing by any sort of computer-controlled, automated system. 
Human repair crews, however, are highly versatile and could 
ea' ly perform a wide range of sporadic but complex repair 
tasks . 

The solar cell factory poses i different design problem. 

It consists of hundreds of identical deposition and assembly 
strips, each operating independently from the others. The 
SCF EB guns also produce a high radiation environment which 
makes it desirable to minimise human contact with It. A com- 
pletely automated or teleoperated maintenance/repair system is 
Ideally suited to those circumstances. A crawler system (de- 



scribed in Sec. 8.4) performs all routine mointenance and 
support operations. It is completely automated and is capable 
of performing only routine tasks. The free-flying hybrid tele- 
operator (FHT) does all unscheduled repair work. It has more 
sophisticated manipulator and sensor systems than the crawlers, 
and is designed to completely substitute for human repair crews, 
it can operate in a completely automated mode*or under limited 
or total human control when excessive complexity or uncer- 
tainty is encountered. 

9.2: REPAIR OPTIONS TRADEOFFS 

Similar repair options are encountered In both the 5CF 
and the components factory. Scheduled maintenance Is done to 
avoid disruptive breakdown and subsequent unscheduled repair. 

The breakdown of a vital component, such as the deposition 
belt in the SCF, can cause a major disruption or shutdown of 
part of the solar cell production process. This an be par- 
tially avoided by preventive maintenance, which can involve 
complete replacement of a machine component, use of rotable 
spares, or on-site inspection and refurbishment. 

In some cases, such as the metals furnaces, it Is de- 
sirable to periodically replace a component (the furnace 
casing. In this example) before it breaks or wears out. The 
furnace casings are therefore periodically removed and replaced 
with new ones. The old casings which are worn out can nc<: be 
recycled, so they are discarded. 

Preventive maintenance may also be implemented by using 
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a system of rotable spares. In a rotable spares system, a 
number of extra components (such as EB gun filament magazines) 
are kept on hand and are periodical 1y used tc replace the com- 
ponents in the machine on a fixed usage schedule. The old 
compo" is then refurbished and returned as a spare. 

Some machines (such as the SCF deposition belts) cannot 
be removed or replaced. Periodic on-site inspection reveals 
worn pa v ts or other potential problems, which are fixed or re- 
placed, as required. 

Scheduled maintenance cannot prevent all breakdowns. A 
number of combinations of different repair options are pcssible: 
redundant design, rotable spares with refurbishment at the 
repairshop, repair on site, and throwaway components. 

Redundant machines (such as EB guns in the deposition 
sections) allows continued production even after one machine 
h^eaks down; the remaining ones take over until the broken 
EB gun is replaced. 

Repair of EB guns is done using a rotable spares system. 
When an EB gun fails, the crawler replaces it with a working 
spare. The failed gun is then taken to the repairshop. After 
repair it is returned to one of the crawlers, to oe used as a 
spare . 

When a failed machine cannot je removed, it is repaired 
on-site by either human repair crews or FHT's, depending on 
the location. However, when machines are repaired on-site. 
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production halts until the repair is completed* unless redun- 
dant machines are available (as with the EB guns). 

Some machines have components that cannot be repaired af- 
ter they fail (EB gun filaments, for example). When the fila- 
ments burn out^they are replaced with new ones, which are 
brought up from Earth and the old ones are discarded. 

9.3; REPAIR SHOP 

The repair shop is formed from a cluster of 24 Shuttle 
External Tanks in a similar configuration to the habitat. Un- 
like the habitat, however, the life-support modules have the 
Increased capability to deal with the gaseous products of op- 
erations in the workshop. The workshop is separate from the 
repair shop because of the different life support requirements, 
and in order to prevent workshop accidents from jeopardizing 
living quarters. Also included in the repair shops are active 
damping systems for the machinery, racks for spare parts. In- 
put/output systems, and emergency systems. 

As discussed in Sec. 9.1, the repair o f machines in the 
waveguide and comporent factories is achieved by on-site human 
labor. In the solar ceil factory a certain class of components 
(such as EB guns) is capable of being removed for repair and 
replaced by a serviceable unit. There are three clasees of 
these plug-in/plug-out modules: 

1) Expendible parts which are thrown away on failure, 
such as baffle Sj 
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2) Those simple enough to be repaired by automatons, 
such as EB guns; and 

3) Those requiring complex repair or those small In 
number, requiring human repair, such as sensors. 

Within the repair shop there are two types of machinery; 

1) Repair Automatons -- these are automatic repair 
stations each dedicated to the repair of one type 
of component. Each Automatons has limited diag- 
nostic capability; any problems outside its 
capabilities are referred to a human repair crew- 
person. There are 42 different types of automatons 
in the reference SMF design. 

2) Workshop machinery to allow the fabrication of 
parts without haying to order them from Earth. 

9.4: FREE-FLYING HYBRID TELEOPERATOR 

Much of the onsite repair work on the solar cell factory 
can be handled by the crawler system, which replaces defec- 
tive components wi th operational spares. However, some of the 
repair jobs are expected to be either out of the reach or 
beyond the capabilities of the crawler system. Examples of 
such repairs are fixing thermal belts, radiator systems , array 
packagers, or the crawlers themselves. It is not cost-effec- 
tive to equip the crawlers with the extended ability to do 
these repairs, since they are seldom needed, and that crawler 
equipment would not be used very often. On the other hand, the 
use of human labor for repairs on the solar cell factory poses 
a health hazard due to the x-rays emitted by the EB guns. The 
study group therefore proposes a Free-flyir.g Hybrid Teleoperator 
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(FHT), with the mobility and sophistication to handle almost 
any repair job at the SMF. The FHT should be able to: pro- 

pel itself with thrusters to the repair site; insert itself 
into the structure where it is needed (such as between the 
upper and lower sections of the thermal belts ; attach it- 
self to a structure, carry tools and spare parts; carry a 
variety of sensors; navigate; diagnose and repair faults; and 
communicate with its human supervisors. 

A preliminary sketch of such a device is shown in Fig. 9.1. 
The FHT consists of a central container holding the onboard 
computer, propellant tanks, batteries, thrusters, control cir- 
cuitry, and communications equipment. Attached to this con- 
tainer are communications antennas, tool and end effector 
racks, spares racks, anchor arms, sensor systems and light 
sources, and repair manipulators. The FHT's are dispatched 
from support racks which refuel and recharge the units. 

The FHT can move around the factory in three fashions. 
First, it can use its thrusters to move across open space to 
a general location; once there, the FHT grabs onto the struc- 
ture. Second, it can "walk" through the structure, using its 
guide arms and manipulators. Third, it can attach itself to 
a crawler; the crawler then takes the FHT to (or near) its 
destination. T^e choice of locomotion depends on the cost of 
fuel, the urgency of the repair, and the availability of the 
crawl ers . 
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Thrusters Anchor Arm 




For navigation, the FHT relies on a set of transponder 
beacons in specified locations around the factory, and a "map" 
of the factory in its onboard computer. It locates itself on 
its map by directional fixes on the beacons. For close- 
quarters navigation (for example, within the factory struc- 
ture) the FHT uses some form of electromagnetic vision (e.g. 
light and camera, radar). At this time, state-of-the-art 
vision systems can determine the orientation of a two-dimen- 
sional structure (such as the integrated circuit pattern on 
a silicon chip). Increasing this capability to three-dimen- 
sional navigation inside a structure would require advancing 
that level of technology. Current experimental systems which 
perform three-dimensional pattern recognition require large 
computer capacity and long computation time to update the in- 
ternal map of their immediate surroundings as they travel 
(Ref. 9.1). This would make such devices much slower in their 
movements than human beings. However, the computer capacity 
is expected to be available by 1990. Also, the computation 
time can be reduced by two factors. First, the use of trans- 
sponder beacons can be made more accurate and damage tolera *' 
by using many beacons, so that the FHT is always near several, 
and by giving the FHT the ability to selectively ignore de- 
fective or displaced beacons. Second, the FHT's computer 
can hold in memory detailed blueprints of all the locations in 
the factory. The ability to use comparison techniques in 
pattern recognition, rather than a continuously updated map 
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of the surroundings, can reduce the necessary computations. 
Even with these simplifications, however, the current ability 
of computers to deal with location In three-dimensional space 
Is insufficient to the FHT's needs. 

Thus the FHT could use several navigation systems, de- 
pending on its mode of travel. When It is travelling long 
distances, such as "above* and across the factory, it uses 
the beacon network. To latch onto and walk through the 
structure, the FHT uses vision and pattern recognition by 
comparison of its actual surroundings with its stored factory 
blueprints. When the FHT reaches the area to be repaired, 
where components can be distorted or broken (and therefore no 
longer match the blueprints), the FHT switches to the con- 
tinuous updating of an internal rap of the surroundings. Any 
of these modes of navigation could ;o be performed by human 
remote control, and in fact the continuous-update mode of 
navigation may be done faster and more accurately by a human 
operator . 

Current computer vision systems can benefit greatly from 
control over the angle of illumination of their surroundings, 
because variations in lighting angles change the perceived 
view of the surroundings, and thus require more sophisticated 
pattern recognition software (Ref. 9.1). Since the SMF is 
shadowed by its solar array, the solar illumination will not 
be a problem. The SMF could be illuminated by fixed sources 
throughout the structure, but these sources would be seldom 
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used. The preferred system is to mount the illumination 
sources on the FHT, so that the sensors perceive their sur- 
roundings illuminated "straight on". It should be noted that 
these illumination sources need not be human-vi sual -range 
lights, but could use any kind of electromagnetic radiation. 
Even when the FHT is under human remote control, the visual 
display provided to the operator would be computer-generated 
on a screen; such a system can operate from any sensor input 
(e.g. radar). 

The FHT relies on a variety of sensory feedback mechanisms 
to acquire a complete picture of its environment. These in- 
clude . force, torque, moment, proximity, touch, and visual 
sensors . 

Force and torque sensors were developed with early adap- 
tive control systems (Ref. 9.3). These sensors were found 
to be inadequate for all but the most basic assembly operations 
that used adaptive control, because they relied on tolerances 
greater than most factory machining tolerances. These systems 
c*uld not adapt to slightly off-design parts and small assembly 
misalignment problems. 

Moment sensors and compliant wrists were developed during 
peg-in-hole investigations (Ref. 9.4), and have proved to be 
highly effective. Touch sensors provide pressure, contour, 
and force information associated with manipulator end effec- 
tors. They are usually smaller and more sensitive than the 
force sensors, but still require futher development. 
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Proximity sensors are non-contact, optical sensors that 
detect the presence or absence of an object within a specified- 
range of the sensor surface. Proximity sensors have been found 
extremely useful in controlling large-scale movements of mani- 
pulator arms, and specifically is stopping the arm's movement 
before contacting and possibly damaging the manipulator. In 
this respect they are superior to mechanical limit switches* 
They can also be used for detecting object contours and so can 
be used as an aid in positioning the manipulator hand in a cer- 
tain orientation with respect to an object, such as above the 
highest point. 

Visual sensors are the most sophisticated and have the 
most versatility of all the FHT sensors. Visual input is 
used as a basis for all repair operations. The FHT requires 
visual analysis to : 

1) provide the human operator with a view of the opera- 
ting environment 

2) determine its location and attitude within the fac- 
tory 

determine what movements and manipulator motions 
are required to reach a given location 

f t ) compare its surroundings with blueprints on file in 
the SCF computer in order to determine what, if any, 
repairs should be undertaken 

5) correct the motions of manipulator arms to avoid col- 
lision or contact with obstructions 

6) update its internal map of the C CF, in case of 
damage or other discrepancies in its environment 
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Current visual analysis technology is either inexact or 
requires large amounts of computing power (Ref. 9.5). Many 
early vision systems could recognize and manipulate simple 
geometric objects by analyzing their edges and corners. The 
difficulty of finding mathematical solutions made the analysis 
of more complex objects prohibitive; however, research has 
shown that some prior knowledge of the object and its sur- 
roundings greatly aids analysis. For example, information 
about an object can be extracted from the shadows it casts 
on walls, floors and other objects. The shading on an ob- 
ject also gives information about surface properties. In- 
terestingly, relative depths can be determined more easily 
by analyzing the shading on round or curved objects than by 
using a range finding device or stereoscopic vision. The 
repair procedure can benefit from having several views of the 
operation from different angles. Therefore some sensors 
and illumination sources should be mounted either on the mani- 
pulator arms or on separate arms of their own. The develop- 
ment of low-mass sensors (such as the current solid-state 
cameras) can alleviate moment-of- i nerti a problems in such arms. 
In addition, the system should have sensors and illumination 
sources mounted on the body of the FHT itself, to provide an 
overall, "fixed" view of the situation. 

Machine systems are now able to assemble relatively com- 
plex items (for example, automotive distributors) both from 
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drawings (Ref. 9.6) or from video images (Ref. 9.7). This 
type of assembly requires detailed programs, tailored to spe- 
cific assembly operations. The use of generalized descrip- 
tions of assembly operations would be desirable to direct 
assembly/disassembly work; however, this is not presently 
possible. The operation must be highly defined because the 
machine has trouble with many small details, e.g. where to 
put a bolt after removing it. 

The study group has identified five useful command 
modes for the FHT. It is the mixture of human and automated 
control in these modes which gives the teleoperator its 
"hybrid” quality. These modes are: remote manual, automated 
robot, single step, remote override, and task learning. 

In remote manual ( RM) mode, a human operator has direct 
control of the FHT. The operator must respond personally to 
all sensory feedback (e.g. proximity, force, torque, video, 
etc). However, the commands from the operator are relayed 
through the FHT computer, which verifies that these commands 
will not put unacceptable stresses on the FHT components. Be 
cause of the difficulty in handling the manipulator arm's 
numerous degrees of freedom, this mode is not as rapid as the 
automated robot or single step modes for programmed motions. 
However, because the sensory analysis and motion commands are 
handled by a human being, this mode is expected to be the 
fastest in dealing with unexpected situations. 
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In the automa t ed robot (AR) mode, the FHT is entirely 
on internal computer control. The FHT computer analyses the 
sensory input and updates the situation status in its memory 
(including a three-dimensional map of its surroundings ) . The 
FHT navigates, inspects, diagnoses, and repairs by using 
either preprogrammed routines, or by assessing the situation 
and deciding on a course of action. The AR mode bases its 
operation on the FHT's ability to do a certain anount of in- 
dependent and abstract thinking. In this completely auto- 
mated mode of operation, the FHT can deal with unexpected or 
uncertain circumstances without the benefit of a human super- 
visor. When performing repair operations, it must also be 
able to make many minor judgements, such as what to do with 
its manipulator arms, when to move from one repair step to the 
next, r where to put a piece after it has been removed from 
the device bei ng repaired. 

The FHT will be required to perform a wide variety of 
repair operations on many di f ferent components, where the 
operations have many tasks in common, e.g. bolting, cutting, 
welding. The physical layouts and repair sequences for these 
components, though, are quite different. Most assembly pro- 
grams involve motion-by-motion types of commands expressed in 
fractions of millimeters that are tailored to the individual 
machines. Writing these programs involves much engineering 
design time and expertise and is practical when an operation 
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must be repeated thousands of times. This is not the case 
with the FHT, where a given repair operation might only be 
used two or three times. The FHT must therefore be able to 
take an abstract definition of a repair task, a definition 
that has no dimensions, forces, etc., interpret tie situation, 
and then execute the task. When the FHT has interpreted a 
task, it stores the resulting program with the learned tasks, 
so that if the same "repair sequence" is encountered again, 
the FHT computer will not have to repeat the interpretation 
process, but can immediately execute the repairs. 

"Repair sequences" are sequences of defined repair 
tasks, written in a manner similar to automotive repair man- 
uals. The FHT computer reads the sequence of operations ; 1 
then plans a strategy for implementing them. Blueprints of 
the SCF and all of its components are used by the computer in 
relating the commands in the "repair sequence" to the FHT's 
visual input. These blueprints are also part of the FHT's in- 
ternal map of the SCF. As mentioned above, the repair sequence 
process involves many independent decisions. Systems of this 
complexity do not currently exist. 

Because this mode requires that the FHT be able to respond 
to uncertain conditions, it qualifies as a 'robotic' operations 
mode. The AR mode requires considerable computer capability, 
which may be difficult to include entirely onboard the FHT. 

If this is the case, the FHT can relay its sensory inputs and 
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preliminary evaluations to a larger, more sophisticated com- 
puter, via its telemetry links. The issue of how much onboard 
capability is desirable is difficult to answer at this time, 
because it require? estimates of computer and telemetry capa- 
bilities ten years from now, and because it depends on the re- 
lative costs of individual computers in th*. FHf's versus fewer 
large, time-shared computer?. More generally, there is a level 
of uncertainty beyond which assessing the situation hy com- 
puter becomes prohibitively expensive, and it becomes cheaper 
to request human assistance. Thus the AR mode is valuable up 
to a certain le. ’1 of complexity; what that level will be in 
1990 is difficult to predict. 

In the single step ( ) mode, the FHT performs pre-program- 

med instructions (stored in its memory) one at a time. The 
commands to execute the Individual Instructions are given by a 
human operator. This allows the human operator to do the sifi- 
ation updates and command decisions, which Is faster than com- 
puter updates and decisions. And the use of preprogrammed in- 
structions maximizes the speed of the individual operations and 
frees the operator to do other tasks while the FHT performs 
a task. One operator could even control several FHT’s, feeding 
commands to each in turn. 

The remote overrride ( RO ) mode is analogous to the auto- 
mated robot mode, but includes the option of an Interrupt order 
from a human operator. Thus the FHT can perform a series of 
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tasks automatically, under the passive supervision of a human 
operator; when the FHT encounters an unexpected problem, or 
when a change in the operations sequence is desired, the human 
can override the FHT 's onboard control and manually take over 
the teleop arator. Both this mode and the single step can be 
used to check the validity of the FHT's onboard programming, by 
watching the results of the automated sequences. 

In the task learning (TL) mode, the functions of the FHT are 
controlled by the human operator, but the sequence of operations 
is stored into the memory of the FHT, for later repetition. Thus 
the human operator teaches the FHT one or more operations, by 
"walking” the teleoperator through the required task(s). The 

usefulness of this mode can be considerably increased if the 

sequence being taught can be optimised either by the FHT's on- 
board computer or by a larger computer, via a telemetry link. 

Such optimization could include eliminating wasted motions, 
maximizing the speed and accuracy of motions, and choosing fuel 
and electricity-efficient methods of operation. In any case, 
the TL mode includes provisions for editing and modification of 
the new sequence by the human operator. 

In those modes involving a human operator, a number of 
direct command hardware options are possible First, the opera- 
tor can type In coded Instr: *ons, much as a computer is con- 

trolled today. Second, certain often-used sequences could be 

hardwired, an'-’ commanded by pushing buttons. Third, the video 
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display could be on an electronic board, and a light pen could 
be used to Indicate locations. For example, the operator could 
push the "travel to” button and Indicate a spot on the visual 
display from the FHT’s sensors; or the operator could request 

r 

a listing of function codes on the display, and point thellght 
pen at the desired operation. Fourth, commands to the FHT could 
be given by voice; the FHT computer could answer by voice also. 

In this case, it is recommended that the computer repeat a given 
command back to the operator (either by video or audio) to veri- 
fy that the command Is properly understood. Talking computers 
and voice actuated devices exist today; such a system would re- 
quire increase in the voice-actuation vocabulary, better dis- 
crimination of voices and words by the computer, and the develop- 
ment of conversational logic software so that the computer can 
request clarification of commands. Fifth, the human operator 
can use one or more joysticks to 'fly'the FHT. These joy- 
sticks could control travel under thrust, or (with sophisticated 
computer interpretation) could control the FHT’s walk through 
the factory structure. Sixtn, the manipulators can be controlled 
by master arms handled by the operator. These could include 
force and torque feedback, and even tactile sense. One draw- 
back to conventional master-slave manipulator systems is that 
during operation the operator's hands are not available to oper- 
ate other functions. An integrated control system, using hands. 
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feet, eyes, and voice, could be developed to give the human 
operator a high degree of control over the FHT. 
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CHAPTER 10 


LINE ITEM COSTING 

While the preceeding chapters have dealt with the engi- 
neering aspects of the concept of extraterrestrial material 
utilization, it is important to also begin to quantify the 
economic impact of such a project. Using the baseline case 
of manufacturing one solar power satellite per year, this 
chapter deals with the cost estimation of the point design 
SMF. 

The necessary products for the manufacture of an SPS 
are listed in detail in Chap. 3. The machines required for 
the production of these components are detailed in Chap. 7. 

Each machine is broken down further into its major sub- 
systems, or components. The SMF can therefore be analyzed 
on three levels: system-wide costs (such as cargo transport 

costs), machine costs (for example, operating expendables 
procurement), and component costs (such as initial trans- 
portation). By applying the costing procedure selectively on 
all three levels, cost estimations can be ma- more accurately 
with minimum increase in complexity. 

The system-wide, or global, parameters are listed in 
Table 10.1. It is assumed in ths study that all of these 
parameters are constant throughout the system, neglecting such 
factors as different wage scales between job classifications. 

The pay scale is assumed to be $100,000 per person year. Since 
it is desirable to keep the SMF operating on an around-the-clock 
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TABLE 10.1: SMF GLOBAL PARAMETERS 


u 

Labor wage 

S/person-hr 

T c 

Cargo transport cost 

S/kg 

T p 

Personnel transport cost 

S/kg 

F 

Emergency repair fraction 

— 

U 

Crew training cost 

$/person 

M c 

Crew mass 

kg/person 

R 

Rotation rate 

times/year 

L 

Terrestrial life support usage 

kg/crew-day 

M S 

S**F structure mass 

kg 

P s 

SMF structure power 

kW 

c s 

SMF structure cost 

$/kg 

E s 

SMF structure expendables 

kg/yr 

G 

Powerplant cost 

S/kW 

cc 

Specific power density 

kg/kW 

K 

Number of production machine types 

— 

H 

SMF production period 

hrs/yr 

S 

Support overhead factor 

— 

A 

Assembly productivity 

kg/crew-hr 

r 

Yearly discount rate 

— 

Y 

Program lifetime 

yrs 

M h 

Habitat mass 

kg/person 

P H 

Habitat power 

kW/person 

C H 

Habitat procurement cost 

S/kg 


Habitat R & D cost 

$M 
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basis, three shifts are necessary. This gives a working week 
of 55 hours/person (for example, 8 hours/day, 7 days a week). 
The wage, W, is therefore $34.34 per hour. 

The transportation costs are split between cargo and 
personnel, since cargo will be carried in low-thrust, long 
trip time orbi t-to-orbi t vehicles, while crews must neces- 
sarily be transported in faster, high-thrust chemical-powered 
spacecraft. In addition, some high-demand materials (such as 
perishable foodstuffs or repair parts not in the SMF inven- 
tory) must also travel on the crew transports, at a cost 
penalty. The values of T c and T p are a function of SMF 
location and vehicle details, and the complete analysis of 
these values are therefore outside the scope of this study. 
These costs are estimated from Ref.io.i_ Initial estimates, 
based on 10% of the SPS being of earth origin, indicate a 
yearly mass launched from earth to the SMF on the order of 
15,000 Mg. This yields earth launch costs of $100/kg for 
cargo, and $200/kg for personnel. Cargo is assumed to be 
transported in space by tugs employing electromagnetic pro- 
pulsion and lunar-derived propellants, and therefore incurs 
no further significant transport costs. However, personnel 
must be transported in high-thrust, chemically propelled ve- 
hicles, in order to keep trip times down to a reasonable 
level. It is assumed that this transporter will use an 
oxygen/hydrogen engine (I = 470 sec), with only hydrogen 
brought from earth. The SMF is assumed to be in an orbit with 
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a velocity interval from low earth orbit equivalent to geo- 
stationary, which gives a Av * 4400 m/sec. The personnel 
transport makes a round trip, with crew carried each way, so 
the total Av * 8800 m/sec. The mass ratio (kg of inert mass 
per kg vehicle gross mass) for the interorbital personnel 
shuttle is therefore 

( 1 ) 

Assuming a vehicle inert mass fraction of .1, the propellant 
per payload ratio for this vehicle is 17.75. However, with a 
typical O 2 /H 2 mass mixture ratio of 6, only 1/7 of the pro- 
pellants mass needs to be brought from earth. This means 
that 2.5 kg of hydrogen is necessary for each kg of personnel 
carried. The total personnel transport costs are therefore 
increased by the cargo costs of the hydrogen to $450/kg. 

As mentioned earlier, some repair parts will be needed 
in order to maintain production, but will not be in stock in 
the SMF warehouse. Rather than shutting down a critical 
machine until a cargo transport arrives, which could be a 
matter of weeks due to the nature of low-thrust trajectories, 
it will be necessary to ship these critical repair parts on 
personnel transports, thus increasing their costs. This 
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emergency repair fraction, F, is taken to be .1. 

A typical crew training cost, U, is on the order of 
$1 00 , 000/person , and that number was assumed in this study. 

Crew transport mass (including some personal effects) is 
estimated to be 100 kg/person, and the total crew assumed 
to be cycled back to earth every 90 days, or R = 4 rotations 
per year. This rotation rate is based on allowable physical 
degradation in the zero-g environment of the SMF (Ref. 10.2), 
as well as allowable radiation limits in free space in an 
unshielded habitat (Ref. 10.3). Life support consumables 
are taken as L - .83 kg/person/day , based on lunar oxygen and 
terrestrial nitrogen atmosphere, shipping only hydrogen to 
be mixed wit lunar oxygen to make water, and freeze- dried 
food (Ref. 10.4). 

The structure of the SMF is character!' zed by its mass (kg), 
power (kW), procurement cost (S/kg), and use of expendables 
from earth (kg/yr). These estimates were dc- u from the 
SMF layouts in the preceeding chapters. The^e values were 
taken to be M $ = 2000 Mg, = 1000 kW, C s = $25/kg, and 
E $ = 0 kg/yr,for this case, respectively. 

Space power represents an interesting change from the 
normal earth design environment. Energy intensive activities 
on earth are generally characterized by high recurring costs, 
due mainly to the use of fuels in energy production. In 
space, however, photovoltaics give rise to large initial 
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costs, with no appreciable recurring costs thereafter. Power 
therefore shows up as a nonrecurri ng , rather than recurring, 
cost. The elements of this cost are the procurement price 
of the generating capacity (G, $/kW), and the specific power 
density («, kg/kW), which relates to transport costs. From 
current estimates of future space-rated solar cells (but not 
in SPS-sized quantities), these values might be expected to 
be $2000/kW and 10 kg/kW (Ref. 10.2). Since the (cargo) trans- 
port rate is $100/kg, the total power cost for the SMF is 
$2000 + $100 x 10, or $3000/kW. 

K is the number of different types of machines in the 
SMF: in the point design, 60. H is the number of scheduled 

operating hours per year, or 8766. The support overhead fac- 
tor is the total on-site ratio of worker/production workers, 
and estimated from typical manufacturing projects to be about 
2 or 100% overhead. The SMF is initially assembled from pre- 
fabricated components; the productivity of the assembly workers, 
A, is estimated based on MIT Space Systems Lab experience in 
neutral buoyancy simulations of EVA assembly as 300 kg/crew-hr 
(Ref. 10.5). Discount rate, r, is taken as its standard value 
of .1 (10% yearly), and the program lifetime Y was set as 
per the statement of work to 20 years. 

With the specification of these global parameters, the 
accounting system must proceed into the machine level of 
costing. Each machine type has five parameters of interest; 
operating labor, earth expendables usage and cost, number of 



machines of this type, and number of different types of 
components. Seven parameters are likewise required to specify 
the costs of a component: the number of units of that type, 

the mass and power of an Individual unit, duty cycle, aarly 
repair parts, and codes relating the technology level and 
repair technique for the component. These variables are 
summarized in Table 10.2 for machine parameters, and Table 10.3 
for component parameters. 


TABLE 10.2: SMF MACHINE PARAMETERS 

1. operating labor requirement crew hr/op hr 

J 

e. earth expendables kg/hr 

J 

x. procurement of earth expendables $/kg 

J 

n. number of units 

k. number of component types 

J 

b. process R & D cost $ 

>J 


TABLE 10.3: SMF COMPONENT PARAMETERS 


n . . number of units 
* 

m. . mass of individual unit 

' J 

р. . power requirement 

* V/ 

с. j procurement cost 

d.. j duty cycle 

l.j repair labor 
r.j replacement parts 
b . . R S 0 cost 

1 J 


kg 
ku 
$ 

crew hr/nonop hr 
kg/yr 
$ 


Perhaps the greatest problem in cost estimation is the 
estimation of research and development and procurement costs. 
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The study group attempted to categorize all of these costs as 
closely as possible, by calling manufacturers of similar de- 
vices wherever possible, and extrapolating present technology 
to the 1990 technology cutoff date. The cost data thus ar- 
rived at was felt to be fairly accurate, but many of the com- 
ponents offered no adequate earth analogue for this technique 
to be applicable. The estimates for these component types was 
based, in typical aerospace fashion, on the technology level 
and component mass. However, it was felt that one single 
costing rationale should be applied equally throughout. Since 
the *echnol ogy/mass approach proved more conservative, that 
approach was the one chosen. 

Each component was specified as being either low, medium, 
high, or ultra-high technology level. For example, passive 
structure would be low technology, electric motors medium, 
electron beam guns high, and autonomous computer systems 
ultra-high. Table 10. 4 shows the assumptions used for esti- 
mating research and development and procurement costs for 
each of these levels, in terms of $/kg. 


TABLE 10.4: COSTING BASELINE 



R & 0 

Procurement 

Low 

500 

50 

Medium 

5000 

500 

High 

20000 

2000 

Ultra-high 

100000 

10000 
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The other factor which was difficult to quantify was 
component and machine reliability. Again, consultations 
with manufacturers and users of earth analogues provided 
much of the data used. Since this seemed to be a critical 
item, however, the costing program developed was designed 
to let the component duty cycles be the independent variable 
in a variation of parameters study. 

Machine duty cycles were calculated on a probabilistic 
basis from the duty cycles of its components. The probabi- 
lity that component i in machine j will fail is 

P<comp ;j %pil>= TT(l-dij)= (l-d;j) nii (2j 

Using this expression, the probability that the machine 
will be operating is the product of the probabilities that its 
component parts will be operating, or 

dj = P<machj op> = Tl [ 1 - (l-d-p n|J ] 

l_1 ( 3 ) 

This expression assumes that a single failure of any component 
will disable the entire ma hine. It was assumed that in the 
instance of multiple units of a single component type, the 
system would he doubly redundant: that is, the failure of 

two units of a single component would not affect the machine, 
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but three failures would disable it. As implemented in the 
computer algorithm, therefore, in equation (3) was either 
3 or the number of units of the component type, whichever was 
1 east. 

The above analysis assumes the machines are individual 
units, and that the failure of one does not affect the pro- 
duction of the uDstream or downstream units. The design of 
the baseline SMF , particularly in the components factory, was 
based on this approach, and parts transport systems were de- 
signed to enable cross-feeding of products between upstream 
and downstream machi nes . However, this is not true in the 
solar cell factory, since the vapor deposition processes de- 
pend on successive depositions on a continuously moving strip. 
If one of the direct vaporization machines fails, for example, 
there is no way for the upstream products (correctly deposited) 
to bypass t'^e nonoperating machine on its own strip. Rather 
than run through nonfunctional solar cells, the entire strip, 
and all machinery on it, would be shut down until the mal- 
functioning machine is repaired. There is a serie r of 14 
machines which are critical to strip production, and the number 
of strips is sized by the product of the duty cycles of these 
machines . 

The question of machine reliability brings up the associ- 
ated problem of machine repair. This impacts on the costing 
in two ways: costs associated with repair devices, and labor 
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costs for human intervention in the repair process. T'.ble 10.5 
lists the five levels of repair -available in the SMF. 


TABLE 10.5: REPAIR OPTIONS 

1. Teleoperator repair on-site 

2. Crawler replacement with automated repair 

3. Crawler replacement of expendable parts 

4. Crawler replacement with human repair 

5. Human repair on-site 

The first four apply only to the solar cell factory, and the 
fifth (direct human repair) is use chout the rest of the 

SMF. This dichotomy is due to t> position process 

used throughout the solar cell Ticto'y. irge number of 

electron beam guns are continually orating in this area, and 
the region is too hot (both thermally and n terms of radiation) 
for a human to approach. For this reason, either teleoperators 
(repair option 1) or crawlers are used to make repairs to the 
operating machinery. The decision breakdown between the op- 
tions is a function of the individual component. Each com- 
ponent of each machine design was assumed to be a possible 
failure. If the component was small enough to be unplugged and 
replaced as a module, it was assumed that the crawler would 
ie used for this task. The failed component module would then 
either repaired by an automatic repair device (option 2), 
thrown out (option 3), or repaired by a human being (option 4). 
On the other hand, if the component was too large or entrenched 
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to be replaced by the crawler, the free-flying hybrid tele- 
operator (option 1) would be used to repair it on-site. 
Different levels of human supervision would be required for 
each of these options; the values of these levels (in terms 
of crew hr/repair nr) was left as a program variable. 

As mentioned previously, the entire factory (except 
for the solar cell production area) was assumed to be directly 
repaired by humans. This was due to the different levels of 
production ir, the different sections. The large solar cell 
production, several orders of magnitude beyond current total 
yearly production. •'quires a large number of strips and 
machin s, and thertrore lends itself to automated repair. The 
components factory, on the o*her hand, has an output flow 
several orders 'f magnitude below that of 3 comparable plant 
on earth ; automa ti c repair is probably not cost effective 
whf.n there are only a few samples of each machine type. 
Although some studies indicate that the teleoperator has ex- 
cess capability which might prove useful in the components 
factory, it was assumed that it would remain within the solar 
cell factory as . dedicated unit. 

The entire question of automated repair, teleoperator ar,d 
crawler capabilities, and machine interdependence within the 
solar cell factory led to the creation of a specialized pro- 
gram, SCFCOST, detailed in the Appendix. This program allows 
a more detailed nalvsis of the interactions of rel’..bility 
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and repair in the solar cell factory, at the price of in- 
creased complexity in program operation. Many of the capabil- 
ities of this program go beyond the scope of this study; its 
use in this report was limited to analysis of necessary charac- 
teristics of the teleoperator, crawlers, and automated repair 
equipment. 

Ten direct co'ts can be applied to each machine, cal- 
culated from the quantities already specified. The costs are 
listed in Table 10.6; the expressions for each are listed in 
Table 10.7. The derivation of each is obvious from the de- 
finitions of the variables in Tables 10.1 - 10.3, and will not 
be further explained here. 

TABLE 10.6; MACHINE COST COMPONENTS 

Non-recurring: 

C-j Research and Development 

C 2 Procurement 

Cg Transportation 

Power 

Recurring : 

C 5 Operating labor 

Cg Expendables procurement 

C 7 Expendables transportation 

Cg Repair labor 

Cg Repair parts procurement 

C ^ 0 Repair parts transportation. 
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TABLE 10.7 


MACHINE DIRECT COST EQUATIONS 
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It should be noted, however, that the povsr cost (C^) is mul- 
tiplied by the duty cycle of the machine. This is due to the 
fact that a nonoperating machine does not consume any power. 
Therefor^, although the number of a machine type might have 
to increase if the duty cycle decreases, in order to maintain 
a current level of production, the power demand does not in- 
crease, as it is tied to output, and not total number of 
machines. The details of the line item costing program, 
SMFCOST, are in the Appendix. 

After the direct costs for each machine are found, the 
program finds the subtotals and totals for mass, power, and 
labor. The indirect costs are then calculated. The indirect 
nonrecurring costs consist of structure procurement, trans- 
portation, and power costs; SMF assembly costs; and habitat 
R & D, procurement, transportation, and power costs. The 
indirect recurring costs include SMF structure expendables 
costs, wages of the support crew, and training, transport, and 
consumables costs for the entire crew. The actual equations 
used in calculating these quantities are quite straight-for- 
ward, and can be found in the program listing in the Appendix. 

The line item costing computer program produces a detailed 
listing of inputs, and accounting of costs. The nonrecurring 
costs, broken down into cost e'^-ent and listed on a machine 
by machine basis, are presented in Table 10.8. The recurring 
costs, on the same basis, are detailed in Tabic 10.9. The sum- 
mary table for the baseline case is shown in Tabic- 10.10. 
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TABLE 10.8: NONRECURRING COSTS 




NCNKECUnr.ING CCSTS 

$$$$$$£$ 




R 6 L 

PROCUREMENT 

TRANSPORT 

POWER 

TOTALS 

THERMAL BELT 

39250000 . 

403567616. 

140979984. 

29431488. 

572285440. 

D V OP AL REAR CONTACT 

1 1853224 . 

40663088. 

4325689. 

4589564. 

58046944. 

DV OP SI AND P-DOPANT 

29413312. 

483501566. 

60170016. 

133704560. 

673310976. 

PULSE RECSYSTALIIZATIGN 

100680192. 

1 1 52249 1. 

1 172526. 

2660035. 

115080704. 

SCAN RECRYSIALIIZATJCN 

1 C03M0 1 92 • 

6311843. 

640527. 

866923. 

107696720, 

N-DOPANT IMPLANTATION 

10500000 . 

12350027. 

1329999. 

2582997. 

25734432. 

ANNEAL 

10300199. 

6311 843. 

640527, 

590546. 

17400368. 

CV OP AL PRC NT CONTACT 

22dmiG. 

333457408. 

36475872. 

7703553. 

372635648. 

PRC NT CONTACT SINTERING 

10380159. 

6311843. 

640527. 

295641. 

17105456. 

CELL CROSSCUT 

10405000. 

5577791 . 

507860. 

18 39468. 

17946064. 

CELL INTERCONNECTION 

2074548b. 

10007 /9. 

1606630. 

2270658. 

34505216. 

DV SI02 OPTICAL COVER 

13274081b, 

845030912. 

185912672. 

169908160. 

1256077820. 

DV OP 5102 SU BSTFi ATE 

33740016. 

599330 3C4. 

127089696. 

114727056. 

820269824. 

PANEL ALIGN & INS » IT 

21 82049b. 

34692384. 

7756555. 

10532290. 

71610080. 

PANEL INTFRCCHNECTJC N 

1077 05 CO. 

1 1 15046C. 

1739630. 

5218864. 

27910272. 

LONC. ITUU1NAL CUT 

1 QNO'iOOU . 

5577 291. 

5Q7UO0. 

1 839460. 

17946064. 

KAPTON TAPE APPLICATION 

2 C 0 4 10(i8 . 

131546. 

40658. 

627288. 

20827616. 

ARRAY SPG. FOLD 6 PACK 

10187750. 

375424. 

04455. 

2P0417. 

10920045. 

TELEOP2R ATGR 

1C7CCOCOO. 

17 400000 • 

270000. 

106970. 

204776912. 

CRAWLER SYSTEM 

127750000. 

130083104. 

24516000. 

i 3247*4. 

288373760. 

ZONE REfiNES 

134967480, 

83393 736. 

13220331. 

537930 t 2. 

285379584. 

MASK CLEANUP DEVICE 

100294592. 

596196. 

1775C0. 

1081916. 

102550576. 

DV OP INTERCONNECTS 

22125504, 

12076095. 

1377 199. 

5357177. 

41735936. 

LIQUID Ai PIPELINE 

20067480. 

229000. 

45800. 

840. 

20343104. 

IRON PIPELINE 

20107488. 

3725C. 

7450. 

6. 

20152176. 

AL ALLOYING PURNACE 

584COCOO. 

2520000. 

364500. 

9235394. 

70519888. 

IRON AIICYING PURNACE 

58400000. 

840060. 

121500. 

3078464, 

62439952. 

CONTINUOUS CASTER 

23054S92. 

614000. 

178000. 

446925. 

24293904. 

AL SLAB CUTTER 

11000000. 

2CCGC0. 

10000. 

296911. 

11506911. 

AL DIE CASTER 

105250000. 

17524992. 

3550000. 

676268. 

127001248. 



TABLE 10.8 (Continued) 


r 


71 DIE CASTEB 

it ANSFOFMEB COBE CASTEB 

BOLLIAG Mill 

END TRI M/UEID/ROLL WIND 

run: tri:,ke. j . 

SI il DC. II SLICLN 
EIDQCW TRIKSEB 
SIR 1 A TOR 
FORM ROLLEP 

KLVSTrCN I.A0. A3SEMDLY 
DC-DC CCtIV. r HOD'JCE R 
q INSUIaTICN WINDER 

. GLASS FIBER PRODUCER 

— DC CCNV. FAD. ASSEMBLY 

" < KLYSTRON PLANT 

GLASS FCAMING PACILITY 
POAMEC GLASS CUTTER 
SHEET CUTTER 8 SLCTTEB 
PCAMID GLASS SMOOTHER 
WAVEGUIDE DV CF AL 
WAVEGUIDE PACKAGER 
WAVEGUIDE ASSEMBLER 
PERSONNEL DOCKING MECH. 
PP ESS UP. I ZD D TUNNEL 
C AT GO DOCKING MECH. 

LO ND-UNLOAE MANIPULATOR 

magnetic tpansecfteb 

TRANSPORTER IHACK 
INTERNAL STORAGE DEVICE 
BEPAIB AUTOMATONS 


s$ms$s 

UCN RECUR BING COSTS 

n e c 

PROCUREMENT 

35524992. 

1552 500. 

7525CCPO. 

5525000. 

1 5 3050 0 GO • 

14805003. 

1 J4 1CCOO. 

27454 160. 

1 04 60 C CO, 

78000. 

4 r i»0CSS2 . 

3545896. 

10300000, 

30000. 

200COCOO. 

lOCOOOO. 

2 1830000. 

1 83 COO. 

2 04 c3C 000 . 

^00^*840 . 

3CCC0CC0. 

2000000. 

12500000. 

2 COO 000 . 

13222750. 

2C95U716. 

2 1734052. 

372 509. 

1624SS9S40. 

1525C0000. 

534240472, 

113S74992. 

J0CU4002 . 

2868500. 

100 104992. 

224036992. 

101250000 . 

48374992. 

1394C125. 

2910149. 

13005000. 

1 362498. 

100674992 . 

306579712. 

150C0000. 

2000000. 

bCOCOOCO. 

3CCC0000 . 

31000C00. 

3400000. 

1 9CCOCCOO . 

56000000. 

50210000. 

6 187676. 

77150000. 

18023248. 

1 1900000. 

2360000. 

120000000. 

84060000. 


TOTALS 


5045313540 


4300349440 


(COST.) 3JISSSSS 
TRANSPORT 


POWER 


TOTALS 


315000. 

1150C00. 

18720000. 

1681248C0. 

8400. 

7028300. 

3CC0. 

2000000 . 

339CC. 

445230. 

400000. 

400000. 

16346CC. 

56500. 

305C0CC0. 

22794992. 

589000. 
1 1 238C00. 
2475000. 

28080C. 

2595000. 

19428000. 

400000. 

6000000. 

44G3C0. 

2800000. 

3406CG0. 

16640000. 

4720C0. 

840000. 


66951. 

323433. 

991824. 

395422. 

122022 . 

645248. 

11935, 
148500. 
100063. 
1942292. 
7351. 
45600. 
1589516. 
148485. 
95999968. 
20485968. 
64840. 
8S8S66. 
23 1637, 
792963. 

88209. 

1853276. 

11880. 

15444. 

2398. 

124146. 

0 . 

67716. 

47045. 

504000. 


37459424. 
62248416. 
192566800. 
209384368. 
10668422. 
56620 128. 
10344934. 
23148496. 
22147728. 
25752320. 
32407344, 
14945600. 
37396784. 
. 22312464. 
1903999490. 
691504896. 

42207312. 
3365(8208. 
152331616. 
17924016. 
17050704. 
500535552. 
17411872. 
96015440. 
34 642 384 , 
248924 144. 

59803664. 
1 J 1880960. 

1 4779044. 
205343984. 


944832512 


697467904. 


10732580900 


TABLE 10.9: RECURR1N. COSTS 


OPERATING 

IABCN 


TUEMAL 0!LT 0. 

Df Of A L >5 EAR CONTACT 0. 

CV OF SI A C P» CO PAH? 0. 

PULSE RECf V5TALLIZA? ICN 0. 

SCAN N0..'Y STAIL14 ATitN 0. 

N- DO PAN 7 MPL ANTATiCN 0. 

A t'i N L A L 0. 

JV CP AL PRCS? CONTACT 0. 

PfrCNT CC‘.*T ACT SmtflNG 0. 

CFLL CROSSCUT 0. 

O CELL INTLf CCNHECTKB 0. 

• DV SIC2 OPTICAL CCVEB 0. 

DV OF SI02 SljSTIATE 0. 

00 PANLL AUCN G INJtFT 0. 

I'hUX 1 9T JKCUNgcUGN 0. 

LOSS ITU D IRA l CUI 0. 

AAPTCM T\PE APPLICATION 0. 

AH F AY SEC. FOID A PACK 0 , 

T FL L. TEHATC H 0. 

CTAWlLR i> Y5T L 1 0. 

LGAEAZF;s:F 0. 

flASK CLEANUP DEVICE 0. 

DV CF INT-HCCMIFCTS 0. 

LIOUIC A L LIFELINE 0. 

IRON Plf.U.^ 0 . 

AL ALLOY I No TUNNACE 0. 

IRON AILOYIN'T PUD N ACL 0. 

CONTINUOUS CASTEP 0, 

AL SLAB CUITEH 0. 

A 1 DIL C A ST c R 737‘d, 


It »H»$> RECUBBING COSTS tISSSSSt 


fJCPAHDADLLS 


PPOCUNEPtfNT 

Ti* AN SPORT 

LABOB 

212476. 

1 162 175. 

100101 

11635m. 

1163541. 

55416 

1 16 M T 1. 

1 164705. 

5 9 1 L 5 7 

1 16 4 71 . 

1 164 707. 

3*33* 

1 10 M 7 1. 

1 104707. 

320 «2 

4 66 351. 

231U5. 

1uu16 

1 11# a* 7 1* 

1164707. 

32032 

1 1 04 7u7* 

1 10470 H 2. 

151113 

1 16471. 

1164707. 

32032 

25G595, 

1 162375. 

4 004 5 

340)7, 

232244. 

172174 

231783. 

2317706. 

6351 64 

2317UG. 

2317706, 

503549 

3MU0u. 

232709. 

1205217, 

A4 037, 

2)2244. 

172174, 

290555. 

1 102 379 • 

4U049, 

3**370. 

233 17 1, 

89210, 

3497b. 

233176# 

95036, 

0. 

0, 

66225 

1735. 

8677 # 

1791093, 

104 E 7 7. 

524383. 

651563 

0. 

0. 

035351, 

87m. 

4370. 

37632, 

0. 

0. 

373270, 

0. 

0. 

30102, 

0. 

0. 

108369, 

0. 

0. 

36123, 

0, 

0. 

66225, 

0. 

0. 

1806 1, 

0. 

0. 

61215, 


BEPAIB 

PROCUREMENT 

TRANSPORT 

ICTUS 

201/8360. 

95’. 148. 

28644400. 

203 ^ 155. 

2917H4, 

r.t r »; ?9. 

j«i/5oee. 

4601511, 

? 1 i 4 *> - * r i 

5/6 124, 

Vi ’-<5. 

*. * ■ / . 

3 * 5592 • 

4 4C 16 . 

'5 6 3:'). 

617501. 

89775. 

1 S ) ScJ J 9. 

315592. 

43236. 

1546319. 

16672924. 

2462121. 

29684560, 

315592. 

43236, 

1546319. 

276864. 

39680. 

1682757, 

540394. 

108448. 

1CC6265. 

42251552, 

12549110. 

53810540. 

2S966660. 

8570563. 

38544560. 

1734618, 

523566. 

3460492. 

557523. 

117425. 

1030*2*1. 

270064#* 

39660. 

1682757. 

6577# 

2744. 

339107. 

18771. 

5701. 

30772G. 

1739999. 

36450. 

1042673. 

9099153. 

2225474. 

13126132. 

59)127. 

100582. 

1934530. 

15352445. 

1184624. 

17372416. 

6013995. 

2959466. 

9016)38. 

103000, 

27010. 

504080. 

26250, 

7627. 

65900. 

915000. 

64800, 

1080168. 

305000. 

21600. 

362723. 

27900. 

5670. 

99795. 

15200. 

1026. 

34287. 

675000. 

216250. 

124"? >1. 


61*01 
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ft 01 E CASTES 

CPAS AT INu 
LABCP 

73C51. 

4SSSSSSS H ICURBIBG COSTS (CCNT.) 
EXPENDABLES 

F8GCUS EWEWT TAAttSPCBT 

0 . 0 . 

$smt» 

LA BOB 
9031. 

8EPAXB 

PEOCUBEAEMT 

0 . 

TV ANSPOET 
0. 

T0TIL3 

62052. 

TfiA SSFOfiilTR COPE CAS."- 

neo.. 
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TABLE 10.10; SUMMARY OF BASELINE CASE 


TOTAL DIRECT NON-RECURRING COST = $ 10732580900. 

TOTAL DIRECT RECURRING CCST -S 1000278020. 

TOTAL DIRECT PRODUCTION NASS (KG) * 9448325. 

TOTAL DIRECT PRODUCTION POWER (KW) » 232489. 

TOTAL DIRECT PRODUCTION CREV * 211. PECP1E 

TOTAI SAP CREW = 433. 

CREW TRANSPORT NASS = 173151. KG, CONSUMABLE MISS * 131140. KG 
CREW TRANSPORT COST=$ 77918080. CONSUMABLES COST* 13114043. 

CREW TRAINING COSTS *3 21643920. 

SUPPORT CRIW WAGES = $ 65153504. 

SUPPORT EXPENDABLES TRANSPORT CCST *$ 0. 

HABITAT HASS (KG) * 1315950. 

HABITAT POWER (KW) * 3696. 

R6C AND PROCURE ME NT CCST OF HABITAT (S) * 508594688. 

TRANSPORT COST OP HABITAT (A) * 131594992. 

POWER COST OP HABITAT ($) = 11687717. 

NONRECURRING COST OP NONPROCUCTION SHE *3 50000000. 

TOTAL SHF HASS (KG) * 15138126. 

TOTAL SHP POWER (KW) * 23738S. 

«8P SUPPORT TRANSPORT -ST =$201000000. 

SHP SUPP03T POWED CCST *$ 2000000. 

SBTUP COSTS =$ 3086410. FOB 8. PEOPLE 


SttSSSSS DIRECT COSTS: NONRECURRING *$10732560900., RECURRING *$ 
$$$$$$$$ INDIRECT COSTS: NONRECUBBING *$ 907963392., RECURRING •$ 


tUUUS SHF LIFE CXCLZ COSTS*$ 21670466000. 

DISCOUNTED AVERAGE SPS COST*! 1083524100. 


1000276020. 

177829536. 


$$$$$$$$ 



The "bottom line" of the baseline case is a nonrecurring 
cost of $11 .6 billion, with a recurring cost of $1.2 billion 
per year at a production rate of 1 SP S/year. It should be 
emphasized that this cost per SPS is only for operations at 
the SMF, and does not take into account the mining, refining, 
and final assembly stages of production, nor does it include 
the initial costs of the lunar base and transport system. 

With the exception of solar cell manufacture, the cost of 
products from the SMF are of the same order as those estimated 
previously for terrestrially manufactured components. In the 
case of the solar cells, an order of magnitude reduction in 
costs appears possible due to the favorable effects of the 
space environment. These include the ready availability of 
low cost power, the vacuum environment which allows use of 
the low cost vapor deposition techniques, and the integrated 
facility with all processes colocated (thus avoiding reheat- 
ing the intermediate products between production steps, and 
intermediate packaging and transportation costs}. Possible 
sources of cost variations could be the cost of ground support 
(not included here), possible increases in R & D and procure- 
ment costs above those listed in Table 10.4, and lack of ex- 
perimental verification of the efficiencies of vapor deposited 
solar cells. The baseline cost estimate does, however, demon- 
strate that a space manufacturing facility could operate com- 
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petitively with earth manufacturing. The required crew to 
operate the baseline 5MF is 433 people. 

With the results from the basel'^e, it is interesting to 
do a variation of parameters analysis to find solution sen- 
sitivity. Figure 10.1 shows the effect of normalized failure 
rate on the crew size of the SHF. The normalized failure or 
duty cycle for each machine or pr s printed out in the 

program output given in the App jr example the base 

case duty cycle for the solar cell factory is 96.2%. The 
abcissa of this graph is the log of the failure rate, nor- 
malized to the baseline component failure rates. Therefore, 
-1.0 represents a system in which individual components are 
ten times less likely to fail, whereas 1.0 is a system with 
components ten times more likely to malfunction. It can be 
seen that crew size increases rapidly with increasing failure 
rates. The difference in the two curves ("human" vs. "auto- 
mated" repair) refers to a tradeoff between repair options 
2 and 4 in the s^’ar cell factory; that is, whether the parts 
replaced by the crawler are repaired by people or automated 
repair machinery. All on-site work in the solar cell factory 
is still performed remotely; all repair in the components fac 
tory is done manually in either case. The results shown here 
indicate that it is b.tter to automate the repair shop, al- 
though the difference in crew requirements is not large. 
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Figure 10.2 shows the same variation In component duty 
cycles, this time plotted against nonrecurring and recurring 
costs. One assumption used in the program implementation can 
be clearly seen in this figure: that there is an inter- 

relationship between equipment reliability and initial (R & D 
and procurement) cost. A scarcity of data exists which is 
applicable to this problem; and in the final analysis, a log- 
linear relationship between duty cycle and R & 0 and pro- 
curement costs was assumed. Thus, for the baseline case of 
high technology, R & D costs was $20000/kg, and procurement 
cost was $2000/kg. If the component duty cycle varied from 
99% to 99.9% (10 times less likely to fail), the initial 
costs also varied by a factor of 10, to $200, 000/kg and 
$2000Q/kg, respectively. Similarly, a variation in the 
baseline duty cycle down to 90% reduced costs to $2000/kg 
and $ 200 /kg. The effect of a sizable change in the duty cycle 
was therefore equivalent to increasing or decreasing esti- 

mated technology level of the component. The effects of this 
assumption are evidenc e n the curves in Fig. 10.2. 

Figure 10.3 expands the scale of the ordinate, for a 
better view of the trends of nonrecurring costs. At lower 
failure rates, the equipment has higher initial costs. How- 
ever, as the failure rate increa ses, the nonrecurring cost per 
machine decreases, but the number of machines must increase 
to keep production levels constant with the now increased down 
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time. Therefore, an optimum failure rate exists: at approxi- 

mately four times ti.e baseline component failure rate, the 
tradeoff between initial cost per machine and number of machines 
results in a minimum nonrecurring cost of about $7.2 billion, 
compared to a baseline nonrecurring cost of $11.6 billion. 

Similarly, Figure 10.4 shews the relationship between 
reliability and number of machines for the recurring costs. 
Increasing failures creates increasing repair costs. Decreas- 
ing failures should decrease repair costs, but all machines 
have a non-zero minimum maintenance requirement, and as the 
procurement cost increases, so does the cost of spare parts. 
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FIGURE 10.4 


A minimum recurring cost coi ncidentl ly occurs at a failure 
rate about that of the baseline assumptions of reliability. 

Although several man-years (and CPU-days) of effort could 
be spent in further variation of parameters studies, two basic 
conclusions come out of this costing analysis. The first is 
that the total SMF system costs, derived from the best esti- 
mates of machine characteristics as presented in the baseline 
SMF design, are $1 1 . 6 bi 1 1 ion for nonrecurring, and $1.2 billion 
per year for recurring costs. These costs are competitive 
with ground-based production of the same product, one solar 
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power satellite per year. The second is that, based on an 
assumed relation between nonrecurring parts costs and re- 
liability, optimum failure rates exist which result in minimum 
nonrecurring and recurring costs. However, these minima 
generally do not occur at the same failure rate. A further 
tradeoff study between initial and yearly costs Is necessary. 

The life cycle costs for the SHF producing one SPS per 
year for twenty years at a discount rate of 10X follows direct- 
ly from Fig. 10.2 and is shown in Fig. 10.5. Again, it must be 
emphasized that these are SKF incurred costs and do not include 
either the lunar base or terrestrial facilities such as the rec- 
tenna and Hi stribution system, as well as operating costs for 
these facilities. 

Finally, it must be emphasized that ccit estimates of 
future, and speculative, space systems must inevitably be based 
on a high decree of uncertainty. In this section the study 
group has attempted to demonstrate the effects of varying one 
of the parameters which has the greatest degree of uncertainty: 
failure rate of equipment and hence machine duty cycle. It is 
of course possible to conduct similar parameter variation 
analyses with other of the many sensitive parameters of the 
system, such as transportation cojIs, productively of labor 
in space, and the many factors discussed in Chapters 12 and 13; 
however the above example is sufficiently illustrative of the 
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sensitivity of costs to the assumptions used in this analysis. 

Another area of uncertainty Involves the cost of develop- 
ing the special izedequipment for the SNF. This cost is covered 
partly by the RAD costing baseline of Table 10.4 and partly 
by an additional process development and systems integration 
cost assigned to each of the sixty processes which make up the 
SNF. These costs were assigned even to a well established 
process on the assumption that space rating would add new 
operational constraints requiring further development. The 
cost for each process is listed in the Appendix and varies 
from $10 x 10® to $100 x 10® depending on complexity and ma- 
turity of the process. The lower amount was applied to well 
developed systems, the upper limit to new and novel space 
oriented concepts. 

As mentioned previously the costs presented here are based 
on extensive discussions with organizations well acquainted 
with the terrestrial application of most of the processes used. 
However, in the final analysis, translation of this collective 
experience to an operating systems in space is a highly sub- 
jective process. Different experiences and different view 
points will result in different estimates as to the baseline 
costs. It is hoped that the degree of detail used in defining 
the SMF and its many subsystems as well as the flexibility 
built in to the costing algorithms wi 1 ! allow readers to arrive 
at their own conclusions as to the system costs. 

The costs presented here should be considered as first 
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estimates only, based on the best available information and on 
as detailed a component breakdown as time permitted. As such 
they indicate that the proposed concept is an attractive 
choice for the manufacture of SPS, and probably other space 
hardware, worthy of further investigation. 
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CHAPTER 11 


OPTIMUM BUILDUP SCENARIO 

Having derived a total SMF system in the preceeding chap- 
ters, and estimated the initial and yearly costs associated 
with it, a sufficient amount of information exists to examine 
various options in SMF deployment. The setup analysis in 
Chap. 10 assumed one year of space operations before SMF ini- 
tial operational capability. This seems easily achievable, 
from Space Systems Lab experience in simulated weightless 
assembly. 

However, this technical feasibility does not automatically 
imply practical feasibility. It is necessary to consider the 
SMF in the context of the total system of space industriali- 
zati on . 

It is unlikely, based on the results of the companion 
General Dynamics study (Ref. 11.1) that the point-design SMF 
would be a serious contender for funding until after SPS's 
had been built from terrestrial materials. It is conceivable 
that the SMF might be constructed as a single unit, and all 
SPS production suddenly switched over to nonterrestrial mate- 
rials; it is much more likely that space-manufactured compo- 
nents would be slowly phased into SPS construction, and a 
gradual change form terrestrial to nonterrestrial materials 
would occur. The MIT study group proposed to study this lunar 
materials phase-in, using a linear program optimization technique. 
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Each element of the SMF can be characterized simply by 
three parameters: the non-recurring cost of the element, 

the production cost of one SPS ship-set of outputs from the 
element, and a fraction of SPS components which the element 
supplies. For example, the SMF can easily be broken down into 
a solar cell factory, a waveguide factory, a klystron factory, 
and a components (largely structural parts) factory. Although 
commonality between these factories is exploited in the MIT 
baseline SMF, minimal machine duplication would necessary 
to separate the factory processes. Each factory would have 
its own initial and recurring costs and would supply a certain 
fraction of the SPS. An optimal build-up of the SMF might 
have an early switch to space-produced solar cells (due to 
the availability of the low-cost vapor deposition process), 
followed by components, waveguides, and finally by high-tech- 
nology klystron components built in space. The reduction 
in cost of the SMF will be the motive for lead-in of space 
manufacturing; the gradual phasing is due to the advantage of 
delayed expenditures in discounted costs, and the use of early 
SPS power sales to pay for later factory developments. 

The optimization technique used for this study was linear 
programming. This technique is often used for optimization of 
manufacturing systems where output costs can be ~0Tsidered to 
scale linearly with plant size. Those not familiar with linear 
programming are referrec to some of the standard textbooks on 
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systems optimization, such as Ref. 11.2. 

As a means of verifying the implementation of this tech- 
nique, a simpler problem was first analyzed: to choose between 

ground-based conventional, earth-sourced SPS, and non-terres- 
trial SPS generating systems, with the objective function to 
maximize discounted net income. 

Each system was characterized by a nonrecurring cost 
(necessary for the use of the system), and an operating cost 
per SPS or per SPS-sized ground equivalent system. One 
hundred primal variables were thus defined: yearly invest- 

ment in earth and lunar nonrecurring costs, and yearly in- 
vestment in earth and lunar SPS and ground power plants, for 
a 20-year operational period. (It was assumed that all R & D 
has been returned on ground power systems, such as coal and 
fission). The objective function was to maximize net profits, 
measured as return from power plants minus investment in 
building and R & D. The objective function included a 10% 
discount rate, thus, there was economic advantage in achiev- 
ing immediate returns and deferring expenditures. It was 
felt that the optimum would probably involve a progression 
from ground-based to terrestrial SPS to non terres tr i a 1 SPS, 
as income supported further investment. A yearly budget 
limitation on outside capital entering the system was also 
included. 
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The computer program used is listed, together with the 
tableau matrix listed and solved, in the Appendix. Because 

f 

of limitations in the standard linear program formulation, 
the program in its present form is not capable of finding an 
optimal solution which includes the constraint that all the 
R 4 D costs are expended before a system is used. This 
factor, and other non linear effects such as the need to 
include existance variables recognizing when no costs are 
accrued due to non-use of a system, requires additional re- 
formulation of the of the problem, which is beyond the scope 
of the present contract. The development of the program is 
however continuing under separate funding, and considerations 
will also be given to the use of the more complex integer or 
dynamic programing techniques for circumventing the restric- 
tions inherent in linear programming. 
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CHAPTER 12 


TECHNOLOGY EVOLUTION PROGRAM 
12.1; GENERAL REMARKS 

This chapter describes the research and development steps 
required to establish the technology for the reference Space 
Manufacturing Facility. Although this program is keyed to the 
proposed reference SMF, it serves as a useful example of the 
scale and scope of R & D required for an SMF, and many of the 
steps described would be shared by other SMT designs. 

The technology evolution program is actually a set of 
parallel programs. As described in Chap. 6, the reference 
SMF can be conceptually separated into the sections presented 
in Fig. 6.2, and repea-ed here in Fig. 12.1. Each section 
requires its ov.n technology evolution program. 

In general, these parallel programs have only minor ef- 
fects on each other; for example, the development of wave- 
guide production technology has little e T ect on research into 
furnaces and casters, and vice-versa. Even those sections 
which receive products from other sections can have separate 
technology evolution. For example, the ribbon and sheet oper- 
ations, which begin with a rolling process, are little affected 
by the production techniques for the input slabs. However, 
if research on metals furnaces and casters indicates that the 
production of slabs is excessively difficult, then the ribbon 
and sheet operations must be modified to use different inputs 
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(e.g. vapor-deposited sheet). Therefore the technology 
evolution programs for the SMF sections can be separate pro- 
vided that the various inputs can outputs between sections 
remain effectively unchanged (l.e. any changes do not sig- 
nificantly affect subsequent operations). 

This separation of technology evolution programs should 
not lead to duplication, however. A number of SMF sections 
share processes (though not equipment), and R & 0 on these 
processes should be integrated. For example, electron beam 
guns are used in a wide variety of applications at the refer- 
ence SMF: welding, cutting, vaporization, recrystall i zati on . 

Basic research on electron beam guns can therefore be applied 
to all these operations. This commonality of equipment was 
considered an advantage in the choice of reference SMF pro- 
cesses (see Chap . 5) . 

While the technology evolution programs for the various 
sections of the SMF can proceed simultaneously, this is in 
general not true of the R & 0 steps within each program. For 
most sections of the SMF, the technology evolution for a given 
section is a sequence of research steps, each of which pro- 
vides information and leads to a decision between alternative 
processes or equipment designs or operating proceduies. Thus 
the information developed in the early steps has a significant 
impact on the later research in the program. Therefore the 
uncertainty in the definition of the programs increases through 
successive R & D steps. 
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The det ‘Is of the technology evolution programs can also 
be affected by research in areas other than the SMF. First in- 
vestigations in other aspects of space industrialization (e.g. 
lunar refining, transportation, SPS deson) can change the speci- 
fications of inputs and outputs of the SMF. 

Second, the SMF technology evolution program can benefit 
from research done on related industrial processes on Earth. For 
example, the study group anticipates that the next ten years will 
see intensive research on large-scale production of semiconductor 
materials and solar cells. Although the fundamental differences 
between the design environments in space and on Earth suggest 
that much of this research will not be applicable to space pro- 
cesses, the SMF technology evolution program can benefit greatly 
from the basic knowledge gained in solar cell performance , 
crystal 1 ography , doping, and array buildup. The technical challenge 
to the SMF designer will therefore be to apply the results of 
solar-cell production research on Earth to the development of 
space processes whenever possible. 

The technology evolut . r. programs for the individual sections 
of the SMF a ' each separated into three phases: conceptual 
studies, ground experiments, and Shuttle experiments. The re- 
search and development therefore . .-ogresses from an early general 
research program on the ground, including versatile prototypes, 
to a more specific development effort in the Shuttle using more 
specialized sp-.ce hardware. At the conceptual stage, various 
options for SMF processes should be kept open, sine vhe eventual 
success of any one option ca.tnot be guaranteed. For example, the 
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development of SMF furnaces could begin with studies of several 
furnace options (centrifugal, induction, gas-suspension) including 
potential designs for multipurpose furnaces (multi-material, or 
multi -input-shape). 

Although there is no sharp transition between general and 
specialized R&D, each step in a technology evolution program aims 
at reducing the number of options to be investigated further, so 
that the complete program will produce finalized equipment. It 
is difficult to anticipate at what stages decisions between op- 
tions should be made, because each step can uncover problems 
which may make the preferred options unworkable. The program 
therefore requires the flexibility to return to an earlier step 
if difficult problems develop. For example, if the Shuttle pro- 
totype for an aluminum-melting furnace demonstrates unforeseen 
problems, the technology evolution program should be flexible 
enough to return to other options studied on the ground, and to 
develop an alternative space prototype. 

The example above also suggests that SMF equipment designs 
should not be finalized before testing in space. Unlike earlier 
space hardware development, when the design philosophy aimed at 
selection of options, construction and testing of prototypes, 
and finalization and fabrication of space hardware before launch, 
the SMF development should take advantage of the transportat * on 
cost reduction available from the Shuttle to do in-space proto- 
type testing, even if the prototype is not guaranteed to be 
successful. This flexibility is particularly important for the 
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R&O on SNF processes which use the zero-g environoent to advantage 
or which are seriously affected by the absence of gravity (e.g. 
Induction furnaces, zone refining, human operations). For those 
processes, basic questions of feasibility may not be answerable 
without space experiments. 

The technology evolution program is presented in the following 
sections as a series of tables, each detailing the R&O steps for 
a section of the reference SMF. The order of the steps is se- 
quential, i.e., in most cases the early steps develop Information 
useful in defining and executing the later ones. In some cases, 
certain R&O steps can benefit from hardware developed in other 
steps. For example, the testing of prototype casters in the 
Shuttle can use a previously developed prototype metal furnace 
to feed molten metal to the test articles. 

Most of the suggested Shuttle experiments and prototypes 
are small enough to fit within a Spacelab payload (in most cases, 
several such experiments could fit in or.e flight). In fact, the 
in-space development articles could be flown as integrated 
multipurpose Spacelab missions. The study group feels that the 
Shuttle experiments in the technology evolution program could 
be performed with a small number of flights, at relatively little 
cost. At this level of investigation, however, definition of 
such integrated payloads is difficult, since experimental re- 
quirements and preferred process options are unknown. 

Although the anticipated prototypes can fit within a Shuttle 
p.yload, in some cases the experimental requirements suggest a 
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permanent orbital platform. Specifically, some prototypes might 
require sizeable power inputs (such as for furnaces, electron 
beam guns, lasers). These would therefore benefit from power 
sources parked in space, such as 25-kW or IGO-kH modules. Simi- 
larly, some of these energy-intensive prototypes may require large 
heat-waste systems, and could therefore benefit from permanent 
cooling facilities and radiators. Finally, some of the experi- 
ments should be run several times with variation of experimental 
parameters. Such experiments could be left at an orbital plat- 
form between sets of runs, to allow return of output to Earth 
for examination and analysis; examples of such experiments include 
solar cell deposition processes and metal solidification processes. 
The orbital platform parking would avoid repeated Shuttle 
transportation. 

The overall technology evolution program presented in the 
following sections details the R&D required for the SMF, but 
not for its outputs; the SPS or other satellite components pro- 
duced by the SMF would require a separate technology evolution 
program. The program described in this chapter produces a set 
of working prototypes of the SMF hardware; in many cases, these 
prototypes are smaller than the SMF design components. The 
technology cutoff date is assumed to be the year 1990. Cost 
estimates for R&D are detailed in Chapter 10. "Line Item Costing." 

The study group again emphasizes that the following descrip- 
tions are keyed to the reference SMF, and that other SMF designs 
would require different R&D steps. Furthermore, the descriptions 
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also as suae that the reference SNF processes chosen in Chapter 5 
will be developed into space-rated hardware. However, shot'd 
the chosen options prove unsatisfactory at any point in the R&D 
procedure, other options would be substituted, changing some of 
the steps in the development program. Like the reference SHF 
design, the technology evolution program described below is a 
point design in a very wide field of alternatives. 

12.2: R&D: METALS FURNACES AMD CASTERS 

Table 12.1 presents a listing of research and development 
steps for reference SMF furnaces and casters. The furnaces are 
space-specific designs, requiring conceptual development. These 
preliminary design efforts should assess the usefulness of ground 
prototypes for furnaces, i.e. the extent to which such prototypes 
can accurately model the zero-g designs. Zero-g is expected to 
reduce the furnace masses considerably , and very small space 
prototypes (e.g. 1 ton, not including power supplies anc u .at 
waste systems) should be possible. Furnaces also require develop 
ment of refractory materials adapted to the space environment. 

Similarly, casters should benefit from mass reductions in 
zero-g, but require specialized refractories. The casters are 
modifications of earth designs. 

The steps are listed in a time sequence from initial con- 
cepts, through design, ground prototype testing to final 
evaluation in a space environment. 
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TABLE 12.1: R & D : MET*. IS ruRfinCES AND CASTERS 


RESEARCH ITEM 


Conceptual studl. ■ 
of furnace option* 


Refractory material 
tests 


OBJECTIVE 


To produce p ellmlnary designs of magnetic Induction, solar 
trough, sola, paraboloid, and rotating furnaces. Includes 
geometric design and sizing, static and dynamic load pre- 
dictions, heating systems and temperature profiles, power 
and mass requirements, Input/output systems design, estimation 
of maintenance, repair, and logistics, evaluation of technical 
uncertainty and required experiments, evaluation of operational 
safety, control requirements and systems, cost estimates, and 
comparisons of furnace options. 


To establish experimentally the tolerance of candidate re- 
fractory materials to molten metals and vacuum, and their 
thermal and magnetic properties. These materials are for 
casings and molds In furnaces, pipelines, continuous casters, 
and large piece casters. Emphasis on long-life, structural 
materials. 
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Metal solidification 
exper Iments 


Continuous caster 
design 


To Investigate the material microstructure and properties 
resulting from solidification In zero-g, specifically for 
metals and alloys In various casters. Development of re- 
lationships between casting parameters (mold shapes, thermal 
profiles, Injection pressures, thermal conductivity of mold, 
mold material, alloy composition) and properties (structural, 
thermal, magnetic, electric) of cast output. Probably requires 
several sets of experiments. 


To produce a preliminary design of a space-specific continuous 
caster for A1 and A1 alloy, based on earth designs, the metal 
solidification experiments, and the refractory material tests. 
Includes geometric design and sizing, structural design, choice 
of materials, cooling system design, thermal profiles, output 
handling systems, automatic monitoring and control equipment, 
estimation of maintenance, repair, logistics, and costs evalua- 
tion of operational safety and technical uncertainty. 
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TABLE 12.1 (Continued) 

RESEARCH ITEM OBJECTIVE 

Concept 

Definition 
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Die caster and 
large-piece 
caster design 

To produce preliminary designs of space-specific die casters 
and large-piece casters, based on earth designs, the metal 
solidification experiments, and the refractory material tests. 
Castt *s receive molten A1 , A1 alloy, Fe, Fe alloy. Design In- 
cludes structural design, choice of materials, estimation of 
injection pressures, thermal profiles, load histories. Input/ 
output systems, cooling systems, automatic monitoring and con- 
trol. design of pipes, valves, and pumps, estimation of power, 
mass (reduced by zero-g), maintenance, repair, logistics, and 
costs evaluation of technical uncertainty and operational 
safety. 




Prototype furnaces 

To develop useful ground prototypes of selected furnace options, 
If the zero-g effects can be adequately modeled or accounted 
for (otherwise space prototypes are required). 

1 

1 

■ 

Prototype casters 

To develop useful ground prototypes of the continuous caster, 
die casters, and large-piece caster, If the zero-g effects can 
be adequately modeled or accounted for (otherwise space 
prototypes are required). 

1 

I 

1 

Space prototypes of 
furnaces and casters 

To develop and Integrate space-rated furnaces, pipelines, pumps, 
continuous casters, die casters, and large-piece caster (casters 
can be Integrated to furnaces and pipes one at a time). T!t?; 
effort may require stepwise verification of furnaces, then cas- 
ters, with furnaces flown several times or parked In space. In- 
cludes development of automatic control systems, human main- 
tenance and repair techniques In space, and long-term exposure 
to space environment. Output returned to Earth for analysis. 


1 

1 

Prototype slab 
cutter 

To develop a ground (but space-rated) prototype of a 128 kW 
electron beam cutter, Including automatic filament replacement*, 
cooling systems, automatic control, mechanical tracking. Tests 
on 2-cm-thlck A1 slab. Development of maintenance and repair 
techniques. Emphasis on reliability. 

1 

1 

I 







12.3: R&D: RIBBON AND SHEET OPERATIONS 

Table 12.2 presents the technology evolution program for ribbon 
and sheet equipment. All of these devices are modifications of 
existing earth equipment, replacing conventional cutting and 
welding equipment with electron beams. The rolling devices 
(rolling mill, ribbon sllcer, and striator) are expected to have 
masses close to their earth counterparts, since the principal 
forces In such earth devices are tool-workpiece forces rather 
than gravitational forces. 

However, the lack of a floor to anchor the machines (thus 
damping vibrations) requires the development of active damping 
systems; the designs must also be modified for maximum auto- 
mation, compatibility with vacuum, and ease of in-space repair. 

These considerations also apply to the other ribbon and sheet 
operations devices. 
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RESEARCH ITEM 


Prototype rolling 
mill 


Prototype electron 
beam cutters 


Prototype electron 
beam welders 


Prototype ribbon 
si leer 


eve lopmen 
striated heat pipes 
and heat pipe 
fluids 


TABLE 12.2: R & 0: RIBBON AND SHEET OPERATIONS 


OBJECTIVE 


To produce design of space-specific reversing rolling mill for A1 
and A1 alloy and to develop a ground prototype (which may be some- 
what different than the des1gn t due to Its large mass). Includes 
structural design, estimation of power, mass, maintenance, repair, 
logistics, and costs, load predictions, operational safety, control 
requirements and systems. Prototype Includes active vibration- 
damping, automatic control, in-space repair features. Input/output 
systems. 'If possible, tests on space-cast slabs. 


To develop ground (but space-rated) prototypes of rl bbon-cut.tlng 
EB guns (research can benefit from development of slab cutter). 
Prototypes Include automatic filament replacement, cooling systems, 
automatic control, tracking systems. Tests on A1 and A1 alloy 
ribbon. Development of maintenance and repair techniques. Emphasis 
on reliability and accuracy. 


To develop ground (but space-rated) prototypes of sheet-woldlng 
guns. Prototypes Include same features as EB cutters. Tests In- 
clude verification of weld properties. Development wf maintenance 
and repair techniques. Emphasis on reliability, and on accuracy 
of control and tracking systems and techniques. 


To produce space-specific design of slicing-rollers device for A1 
and A1 alloy ribbon, and to develop ground prototype (possibly 
different from design, due to high mass). This is a modification 
of the rolling mill design and rolling mill prototype, without re- 
versing action. Tests of longevity, reliability. Development of 
techniques to vary output specifications. 


To verify the feasibility and assess .he. requirements of striated 
heat pipes for klystron radiators. Including development of a heat 
pipe fluid compatible with aluminum and'wlth suitable boiling tem- 


perature. Modifications to the heit pipe design should be made as 
needed. Effects of zero-g on heat pipe operation should be assessi 
(th's may require space experiments). 
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RESEARCH ITEM 


OBJECTIVE 


O C C fc* +> *- 

Q.*r- 3 4> 4-» 0> 

Ed- O Q. 3 0. 

O 01 W K JC K 

O O <£UJ WOUt 



Prototype striator 

To produce space-specific design of strlatlon-rollers device for 
AT ribbon, and to develop ground prototype (possibly different from 
design, due to high mass). This Is a modification of the rolling 
mill and ribbon slicer prototypes. Tests of longevity, reliability, 
output quality. 

Prototype form 
rol 1 er 

To develop a ground (but space-rated) prototype of the form roller 
to produce heat pipes and radiator pipes from A1 ribbon. This de- 
sign is a modification of the Grumman beam-builder form roller. 
Tests of reliability, output quality, ease of repair. 

Design of sheet 
layout and klystron 
radiator assembly 
station 

i 

To produce a preliminary design of a fully automated sheet layout 
and radiator assembly device, based on the electron beam welder pro- 
totypes, and the output quality of ribbon slicer and form roller 
prototypes. Includes physical and structural design, estimation of 
mass, power, maintenance, repair, logistics, and -costs, evaluation 
of technical uncertainty and operational safety, design of handling 
and control systems. Emphasis on maximum automation, minimum com- 
plexity, reliability, ease of repair. 

Prototype sheet 
layout and klystron 
radiator assembly 
station 

To develop a ground (but space-rated) prototype of the sheet layout 
and klystron radiator assembly device. Prototype includes automatic 
control, active vibration damping -ystems, in-space repair features. 
Tests of equipment reliability ana output quality. 

Design of DC-DC 
converter radiator 
assembly device. 

To produce a preliminary design of a fully automated device to pro- 
duce large radiators, Including radiator pipes and manifolds. De- 
sign work uses commonality of some features with klystron radiator 
assembly station, and develops similar parameters; structural 
handling of large sheets during welding is more difficult than fof 
klystron radiators. 
















RESEARCH ITEM 


Prototype DC-DC 
converter radiator 
assembly device 


Integration of 
ribbon and sheet 
operations ground 
prototypes 


Space prototypes 
of rolling mill, 
ribbon sllcer, 
and strlator 


Space prototypes 
of integrated 
sheet and ribbon 
devices 


TABLE 12.2 (Continued! 


OBJECTIVE 


To develop ground (but space-rated) prototype of large-radiator 
assembly device, IncVuding automatic control, active vibration 
damping. In-space repair features. Tests of reliability and out- 
put quality. Assessment of accuracy of ground simulation (high 
mass of radiator leads to different structural requirements on 
equipment) . 


To integrade the ground prototypes of rolling mill, EB cutters and 
welders, ribbon slicer, striator, form roller, and radiator assembly 
devices into a working, fully automated prototype of the reference 
SMF sheet and ribbon operations section. Includes development of 
handling systems (space-rated) and automatic control devices. Tests 
of system, including ".aintenance and repair. 


To develop and test space prototypes of the related rolling devices. 
Includes tests of active damping systems, reliability, versatility, 
1‘n-space repair. Due to mass of the prototypes (less than SMF 
machines, but still significant) these devices are candidates for 
orbital parking. Output returned to Earth for analysis. 


To develop space prototypes of the remaining devices in the sheet 
and ribbon operations section (many of the ground prototypes are 
already space rated) and to test these together with the space 
prototypes of rolling equipment. Includes tests of reliability, 
output quality. In-space maintenance and repair. Despite their 
number, these devices are not expected to mass more than one 
Shuttle payload; they may require additional power, however. 
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12.4: R&D: INSULATED WIRE PRODUCTION 

The technology evolution program for the reference SJ1F 
insulated wire production section is detailed in Table 12.3. 

The glass fiber producer is an automated space-specific design, 
which therefore requires conceptual and experimental research. 
The wire wrapper is a relatively simple modification of existing 
earth equipment. 
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TABLE 12.3: R & D: INSULATED WIRE PRODUCTION 


RESEARCH ITEM OBJECTIVE 

Concept 

Definition 

Ground 

Experiment 

Shuttle 

Experiment 

Design of glass 
fiber producer 

To produce a space-specific design of an automatic glass fiber pro- 
ducer. Includes Investigation of suitable glass compositions 
available from lunar materials, alloys resistant to corrosion by 
molten glass and vacuum, heating systems, temperature and viscosity 
profiles, estimation of piston and tube loads, sizing and struc- 
tural design, estimation of maintenance, repair, and costs, evalu- 
ation of technical uncertainty and operational safety, design of 
automatic spool threaders and control systems. 




Space °xper1ment 
on fit«sr 
production 

To Investigate experimentally the effect of zero-g on the drawing 
of glass fibers through dies. Includes relationships between glass 
composition, molten glass pressure, die geometry, glass fiber 
diameter, drawing speed, and fiber quality. This Is a small ex- 
periment; the output is returned to Earth for analysis. It may be 
advantageous to repeat the experiment after initial evaluation. 

1 

1 


Prototype glass 
fiber producer 

To develop ground (but space-rated) prototype of glass-fiber pro- 
ducer, based on preliminary design and Shuttle experiment results. 
Tests of equipment reliability, and of output quality (provided 
zero-g effects can be accounted for--otherwise In-space testing 
may be necessary). 

1 

1 

1 

Prototype Insulation 
winder 

To develop a ground (but space-rated) prototyp: of an Insulation 
winder. This Is a modification of an earth wire wrapper, adapted 
to vacuum operations and use of spools cf glass fibers. Prototype 
Includes automatic loading systems for spools. Tests of equipment 
reliability, ease of In-space repair. 

1 

1 

1 







12.5: R&D: DC-DC CONVERTER PRODUCTION 

Table 12.4 details the R&D steps for DC-DC converter pro- 
duction. Because only 461 DC-DC converters are required per year, 
the development of sophisticated automatic machinery is not 
warranted. Coolant channel drilling and coil winding are done 
by relatively simple modifications of existing earth equif-rent. 

The control circuitry for the converters is assembled to the 
cores manually. The procedures are simple enough that spacr 
prototypes should not be required. 
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RESEARCH ITEM 


Prototype channel 
drill 


Prototype coil 
winder 


TABLE 12.4: R & D; DC-OC CONVERTER PRODUCTION 


aBJECTIVE 


To c velop a ground (but space-rated) prototype of a numerically 
controlled deep drill (3m long bit) for drilling of coolant 
channels through SENDUST cores. This design is based on existing 
earth equipment, modified to emphasize tool longevity. Tests on 
equipment reliability. 
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To develop a ground (but space-ratnd) prototype of an automatic 
winder to wrap insulated wire around the transformer core limbs. 
Design is based on existing earth equipment, modified for operation 
in vacuum. Tests on equipment reliability. 


Definition and 
test of assembly 
tasks 


To define - ^uired mai.ua 1 assembly tasks for control circuitry and 
to model these tasks in ground simulations. 






12.6: R&D: KLYSTRON PRODUCTION 


In the absence of a detailed klystron design for the SPS, 
specific production equipment designs are not available* and 
therefore the technology evolution program listed in Table 12.5 
is only general. The first item is therefore the detailed 
definition of a klystron design, optimized for SPS operation, 
use of lunar materials, and SMF manufacture. 

Consultation by the study group on the subject of klystron 
manufacture in< .cate that the usual production steps can be per- 
formed by conventional precision equipment. The technology 
evolution program therefore requires the development of integrated, 
fully automated production devices for the klystron assemblies, 
followed by the adaptation of these ground prototypes into space 
prototypes. In view of the complexity and precision anticipated, 
the final space prototype should be tested in the Shuttle. 
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TABLE 12.5: R & D: KLYSTRON PRODUCTION 


e 
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RESEARCH ITEM 


OBJECTIVE 
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Design of k 1 ys tron 
and klystron 
assembly pro- 
duct 1 on sequence 


To produce a klystron assembly design optimized for SPS operation, 
use of lunar materials, and SMF manufacture, and to define In de- 
tail the sequence of production steps, Including allowable manu- 
facturing tradeoffs and tolerances. Includes determination of 
components manufactured at SMF vs. produced on Earth. 


Prototype klystron 
assembly pro- 
duction equipment 


To develop an integrated, 
for production machinery, 
liability, ease of repair 


fully automated set of ground prototypes 
Emphasis on maximum automation and re- 
Tests of output quality. 


X 


X 


X 


Space prototypes 
of klystron 
assembly pro- 
duction equipment 


To develop space-rated versions of the ground prototypes, Including 
quality control systems and space-specific devices (e.g. EB 
welders). Shuttle tests to verify operation, reliability, In-space 
maintenance and repair, and output quality. Due to mass and com- 
plexity of equipment, integrated prototypes may benefit from 
In-space parking. 


X 






12-7; R&D: SOLAR CELL PRODUCTION 

Table 12.6 details the steps in the R&D of the reference SMF 
solar cell production processes. As a first step, the study group 
recommends the establishment of a permanent task force to review 
the very considerable amount of new developments in solar cell 
production techniques. During this contract the study group 
received and reviewed published reports from a large number of 
research outfits in many countries; sources of information include 
many journals seldom found on aerospace shelves. Much of this 
information is not applicable to space operations; however, 
many concepts could be adapted to space use--in most cases, this 
is an option never considered by the concep s' authors. 

The study group again emphasizes that this technology 
evolution program is keyed to the reference SMF, and therefore 
conceptual studies should keep alternative production options 
open. At this level of design, a final decision on a solar 
cell production scheme would be premature. 

The suggested R&D steps include conceptual studies for those 
processes (zone refining, direct vaporization, recrystall ization, 
laser cutting, glass layer production) which have not been 
applied in space before, and which carry some uncertainty about 
their feasibility or basic requirements. In most cases, these 
conceptual studies lead to ground prototypes, then to space pro- 
totypes. In a number of cases, however, the study group recommends 
following the conceptual study with a small-scale Shuttle experi- 
ment to assess the effect of zero-g on the process. This then 
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leads to design of ground or space prototypes, as needed. 

In some cases, the suggested processes have been sufficiently 
researched and applied on Earth that development of prototypes 
can begin without extensive conceptual research. 
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TABLE 12.6: R & D: SOLAR CELL PRODUCTION 

RESEARCH ITEM OBJECTIVE 

Concept 

Definition 

ground 

Experiment 

Shuttle 

Experiment 

Continuous review 
of developments In 
solar cell pro- 
duction techn i ques 

To review the large number of current research findings on solar 
cell production alternatives (published by many research teams), 
and to assess the applicability of these developments to space 
operations. 

X 

1 

■ 

Conceptual studies 
of solar cell 
production systems 

To Investigate alternative processes and production sequence for 
the manufacture of solar cells at the SMF. Includes preliminary 
operations layouts and designs, estimation of mass, power, main- 
tenance, repair, logistics, and costs, evaluation of technical un- 
certainty and operational safety, ease of automation and repair, 
o ’tput quality, and comparison of options. Definition of tech- 
nology evolution programs for alternatives. 


1 

1 

Conceptual study 
and space experi- 
ments on zone 
re f 1 n 1 ng 

To Investigate, theoretically and experimentally, the effect of 
zero-g on the zone refining process. Includes detei mlnatlon of 
optimum zone refining parameters to maximize zqne travel rate and 
minimize number of passes required for purification and study of 
effects uf types and concentrations of impurities on refining 
requirements. Output returned to Earth for analysis. Equipment 
Is expected to be small. 

X 

1 

1 

Prototype zone 
ref 1 ner 

To develop a prototype zone refiner for the reference SMF, to 
purify metallurgical grade SI from the Moon to semiconductor 
grade. This Is a ground device, If the zero-g effects can be 
accurately modeled or accounted for (otherwise, a space prototype 
Is required). Prototype Includes feed and handling systems, 
heating and cooling systems, quality control tensors an'' automatic 
control systems. Tests of effects of operating jjarameters on out- 
put quality. Emphasis on maximum automation, ease of In-space 
repa 1 r. 

1 


? 

Space prototype 
of zone refiner 

To develop and test a space-rated prototype of the reference SMF 
zone refiner. This device may require a power source beyond the 
Shuttle's, and may benefit from In-orbit parking between test runs. 

■ 

■ 

■ 


Output Is returned to Earth for analysis. 
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TABLE 12.6 (Continued! 


RESEARCH ITEM 


OBJECTIVE 
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Conceptual study 
and space experi- 
ments on direct 
vaporization 

To Investigate, theoretically and experimentally, the affects of 
zero-g on direct vaporization of A1 , SI, S10 2 , and to produce pre- 
liminary designs of direct vaporization devices. Includes evalu- 
ation of effects of deposition parameters (e.g. pressure of vapor, 
deposition surface temperature and morphology, thermal profiles) 
on properties of deposited output. 

Prototype direct 

vaporization 

devices 

To develop ground prototypes of DV devices for A1 , SI, $10,. If 
zero-g effects can be accurately modeled or accounted for (other- 
wise space prototypes are required). Includes development of 
thermal belt. EB tracking control, slab feeding mechanisms, quality 
control systems, maintenance and repair techniques, cooling sys- 
tems. Tests of equipment reliability and output properties. 

Prototype Ion 

Implantation 

devices 

To develop a ground (but space-rated) Ion Implantation device for 
boron and phosphorus, from existing equipment. Emphasis on deeper 
penetration (2-5 microns), full automation, longevity of equipment. 
•Tests of equipment reliability, doping profiles, Implantation 
damage. Assessment of compatibility with DV of silicon. 

Conceptual studies 
and experiments on 
recrystal 1 Izatlon 

To Investigate, theoretically and experimentally on the ground, 
the feasibility and requirements for recrystal 1 Izatlon of direct- 
vaporized layers of silicon. Includes studies of pulse and scan 
recrystal 1 Izatlon, effects of silicon morphology, pulsing/scanning 
parameters, and environmental factors on recrystal 1 Ized output. 
Production of preliminary designs for recrystal llzatlon devices, 
and of designs for space experiments. 

Space experiments 
on recrystal- 
lization 

To Investigate the effects of zero-g on recrystall Izatlon of 
silicon layers. Equipment Is expected to be small. Output re- 
turned to Earth for analysis. 

Prototype recrys- 
tal 1 1 zatlon 
devices 

To develop ground prototypes of recrystalllzers for the reference 
SMF, If zero-g effects can be accurately modeled or accounted for 
(otherwise space prototypes are required). Emphasis on automation, 
reliability, ease of repair. Tests of output quality. 
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TABLE 12.6 (Continued) 

RESEARCH ITEM OBJECTIVE 

Concept 

Definition 

Ground 

Experiment 

Shuttle 

Experiment 

Space experiments 
on ion implantation 
damage anneal 

To assess the effect of zero-g on pulsed-beam annealing of Ion 
implantation damage. Equipment is expected to be small. Output 
is returned to Earth for analysis. 


1 

1 

Prototype ion im- 
plantation damage 
annea 1 er 

To develop a ground prototype of an Ion Implantation damage 
annealer, based on existing designs, If the zero-g effects can be 
accurately modeled or accounted for (otherwise a space prototype 
is required). Emphasis on automation, reliability, ease of repair. 
Tests of output quality. 


X 

? 

Prototype of direct 
vaporizer with mask 
and mask cleanup 
device 

To modify ground prototype of direct vaporizer for A1 to operate 
through a shadow mask (to deposit top contact pattern). Includes 
development of space-rated mask with long life, and of device to 
brush deposited A1 from mask automatically. Tests of output 
quality, equipment reliability. 


1 

1 

Space experiment 
on front contact 
sintering 

To investigate the effect of zero-g on pulsed-beam sintering of 
solar cell front contacts. Equipment is expected to be small. 
Output Is returned to Earth for analysis. Includes variation of 
sintering parameters. 


1 

■ 

Prototype front 
contact sintering 
dev i ce 

To develop ground (or space. If needed) prototype of top contact 
sintering device, Including tracking systems, In-space repair 
features, quality control systems, automatic control. Tests of 
equipment reliability and output quality. 

1 

1 

■ 

Integrated space 
prototypes of 
solar cell 
depos i t i on 

To develop Integrated, space-rated prototypes of thermal belt, 
direct vaporizers for A1 and SI, ion implanters for boron and 
phosphorus, masking of front contact, recrystallizers and Ion 
implantation damage anneal, and front contact sintering. Includes 
automated control, quality control. Input/output and handling 
systems, tests of In-space maintenance and repair techniques. 
Output (operational solar cells, without glass layers) Is returned 
to Earth for analysis. Equipment estimated at less than one 
Shuttle payload, not including power and heat waste systems. 

1 


1 
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TABLE 12.6 (Continued 


RESEARCH ITEM 


OBJECTIVE 


Conceptual study 
and experiments 
on laser cutting 
of solar cells 

To Investigate, theoretically and experimental ly on the ground, 
the use of lasers to cut solar cell material. Includes effects 
of cutting parameters (wavelength, focusing, tracking speed, 
power) on resulting degradation of cell near cut. 

Prototype solar 
cell crosscutter 
and longitudinal 
cutter 

To develop ground prototypes of laser cutting systems for solar 
cells, including automatic control, tracking systems, quality 
control. Tests on space-produced solar cell material or equiva- 
lent. Emphasis on equipment accuracy and reliability. 


To develop a ground (but space-rated) prototype of a direct 
vaporizer to produce 50-micron thick A1 sheet. Including systems to 
roll up the output, automatic controls, cooling systems for EB 
guns. This device Is a modification of other DV prototypes. 
Emphasis on reliability, ease of repair, automation. 

Prototype solar 
cell inter- 
connection device 

• 

•To develop ground prototype of solar cell Interconnection device 
(same as panel Interconnection device). This Is a sophisticated 
mechanical device, with tight tolerances. Emphasis on automation,, 
reliability. Includes Interconnect feed systems, sensor and 
alignment systems, electrostatic bonders. Tests on simulated solar 
cells and panels. Possible applications on Earth. 

Conceptual studies 
of optical cover 
and substrate 
production options 

To review existing literature and to produce preliminary designs 
of production options for S10 2 layers. Including direct vapor- 
ization (reference SMF) and separate sheet production followed by 
e’ectrostatlc or laser bonding. Includes assessment of feasibility 
and operational requirements. Preliminary designs Include thermal 
profiles, load histories, power and mass requirements, estimates 
of maintenance, repair, logistics, and costs, assessment of 
reliability and output quality. 





Definition 

Ground 

Experiment 

Shuttle 

Experiment 
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Prototype panel 
al i gnment and 
insertion device 

To develop a ground (but space-rated) prototype of the panel 
alignment and spare panel insertion device. Includes full auto- 
mation including sensing and control, In-space maintenance and 
repair features, maintenance and repair estimates. Tests of 
accuracy and reliability of equipment, and assessment of 
modifications required for zero-g use. 

Prototype kapton 
tape appl icator 

1 

To develop a ground prototype of a kapton tape applicator to 
produce structurally connected solar array segments. Includes 
automatic sensing and control, tracking and loading systems, 
in-space repair features. Tests of reliability of equipment, 
using simulated solar cell panels. Assessment of modifications 
required for zero-g use. 

Prototype array 
segment packager 

To develop a ground prototype of the array segment packager. 
Includes full automation (sensing, control, tracking). In-space 
repair features. Tests on simulated arrays, assessing equipment 
reliability, output quality, modifications required for zero-g. 

Integration of 
cell interconnec- 
tion and panel/ 
array buildup 
prototypes 

Tc integrate the ground prototypes of devices to produce complete 
array segments from deposited solar cell material. Includes con- 
tinuous processes, automated control, qual 1 ty control , input/ 
output and handling systems, maintenance and repair features. 
Tests on simulated or actual deposited solar cell material. 
Emphasis on reliability, ease of repair, Integrated control. 
Possible applications on earth. 

Integrated space 
prototypes of cell 
interconnection 
and pa.iel/array 
buildup devices 

To space-rate and test the Integrated prototypes for production 
of array segments. Equipment is expected to fill less than a 
Shut'ile payload, not Including power and heat waste systems. 
Output returned to Earth for analysis. 
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Space prototype of 
complete solar 
cell production 
strip 

To develop an' 4 test full-scale prototype of 104 m-long solar 
cell production strip. Includes structural Integration of 
components, full automation, tests of In-space repair and main- 
tenance, return of output to Earth for analysis. Equipment 
requires more tnan one Shuttle payload. In-space assembly and 
checkout. Can be used to produce solar arrays for space use. 

1 

1 

1 







12.8: R&D: WAVEGUIDE PRODUCTION 

The R&D steps for waveguide production in the reference SMF 
are detailed in Table 12.7. The study group recommends con- 
ceptual studies of the applicability of foamed glass to space 
components, and of the necessary properties of the material. 

Due to the proprietary nature of glass foaming processes, R&D 
requirements for a foaming facility are uncertain, as are the 
achievable foamed glass structural properties. There is also 
uncertainty on the feasibility of laser smoothing or fusing 
of the material. These uncertainties can probably be resolved 
only by experimental research. 
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TABLE 12.7: R & D: WAVEGUIDE PRODUCTION 


RESEARCH ITEM 


Conceptual studies 
and development of 
foamed glass for 
waveguides 


Design of space 
powder mixer 


Space prototype of 
powder mixer 


Soace experiments 
on glass foaming 


Design of glass 
foaming facility 


Prototype glass 
foaming facility 


Prototype foamed 
glass sawcutters 


OBJECTIVE 


To investigate alternative methods and to produce preliminary 
designs for foamed glass production options. Includes assess- 
ment of uses, properties, and production requirements for 
foamed glass for space applications. Emphasis on lunar material 
use . 


To produce a preliminary design of a mixing device to blend 
<5 micron powders suspended in vacuum. Emphasis on component 
longevity, automation, In-space maintenance and repair. 


To develop and test a space powder mixer. Equipment is expected 
to be small. Device and output are returned to Earth for analysis 


To investigate experimentally the effect of zero-g on glass 
foaming processes. Variation of operating parameters to study 
relationships aff.stlng output properties. 


To produce preliminary design of a foaming/annealing furnace to 
produce foamed glass. Includes geometric design and sizing, 
static and dynamic load predictions, heating and cooling systems, 
temperature profiles, power and mass requirements. Input/output 
systems, estimation of maintenance, repair, and logistics, evalu- 
ation of technical uncertainty, required experiments, operational 
safety, control requirements, cost estimates. 


To develop a ground (but space-rated) prototype of the glass 
foaming facility (If the earlier space erperlments Indicate that 
zero-g effects cannot be accounted for, a space prototype Is re- 
quired). Emphasis on equipment longevity, automation. Develop- 
ment of relationships between operating parameters and output 
characteristics. 


To develop ground (but space-rated) prototypes of multl-bladed’ 
band saws for slicing blocks of foamed glass. Includes chip re- 
moval systems. Input/output and handling systems, maintenance 
and repair techniques, automatic control, quality control. Tests 
of blade longevity and output quality. 
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RESEARCH ITEM OBJECTIVE 

------- — _ _ — i 

Concep 

Definl 

Ground 

Experl 

Shuttl 

Experl 

Experiments on 
foamed glass 
smooth i ng 

To Investigate, experimentally on the ground, options for 
smoothing foamed-glass surfaces, Including the use of lasers. 
Development of relationships between operating pa 'ameters and 
output quality. Tests are performed on space-produced foamed 
glass sheets or equivalent. 


1 

1 

Prototype foamed 
glass smoother 

To develop a ground prototype of the foamed glass smoother. 
Includes sheet handling and tracking systems, quality control. 
Emphasis on automation, accuracy of output, ease of repair. 


■ 

■ 

Prototype waveguide 
Al direct vaporizer 

To develop a ground (but space-rated) prototype of a DV device 
to apply Al interior coatings to waveguides. This is a modi- 
fication of DV of Al devices for other SMF processes. Tests 
on smoothed foamed glass sheets, and evaluation of output 
qual • ty . 



1 

Prototype laser 
cutters for foamed 
glass 

To develo” ground prototypes of laser cutting systems for foamed 
glass shetL:. Including automatic control, tracking systems, 
quality control. Tests - , n Al-coated foamed glass sheets, using 
lasers to make straight cuts, slots, and holes. Emphasis on 
equipment accuracy and reliability. 



1 

Design of waveguide 
assembler and wave- 
guide packager 

To produce preliminary designs of waveguide assembler and wave- 
guide packager, including automatic manipulator systems, guide 
systems, laser fusing devices, quality control, packaging manip- 
ulators, and storage racks. Emphasis on full automation, 
accuracy of output, ease of repair. 

X 


1 

Prototype wa'egulde 
assemb i er and wave- 
guide packager 

To develop ground prototypes of waveguide assembler and packager, 
including full automation, handling systems, quality control de- 
vices, laser fusees. Tests of equipment accuracy and reliability, 
using Al-coated foamed glass strips as Inputs, evaluation of out- 
put quality, and development of maintenance and repair techniques. 

1 


1 

Integration of wave- 
guide production 
prototypes 

To integrate the ground prototypes into a fully automated glass 
foaming and waveguide production line, including automatic 
handling and control, in-space maintenance and repair features. 
Emphasis on reliability, ease of repair. Integrated control, 
accuracy of output. 

1 


1 








RESEARCH ITEM 

TABlE 12.7 (Continued) 
OBJECTIVE 

Concept 

Definition 

Ground 

Experiment 

Shuttle 

Experiment 

Space prototype 

To space-rate and test the Integrated ground prototypes. 



X 

of waveguide pro- 

Includes structural Integration of components, full automation. 




duction system 

tests of in-space maintenance and repair, return of output to 





Earth for analysis. Equipment requires roughly one Shuttle 





payload (not Including power and heat waste systems) and 1n- 





space assembly. 


1 









12. 9: R&D : SUPPORT EQUIPMENT 

Table 12.8 describe' the major steps in the technology 
evolution for reference SMF support equipment. In general, 
the development of the SMF support equipment shares a number 
of steps with SPS development and the development of likely 
near-term space hardware (e.g. orbital antenna farms. Shuttle 
service stations, space stations). Therefore some of the 
R&D may be shared with other programs. 

For a number of support equipment sections, ground and 
space prototypes are useful for component verification, but 
the final verification requires tr full-scale structure. 
Examples are the input/output station, power plant, production 
control systems, stationkeeping and attitude control, and 
structure. In these cases the technology evolution program 
aims at developing sufficient knowledge and experience with 
the prototypes to produce final designs for the sections, 
with confidence in their proper function after construction. 

The study group feels that the most demanding technology 
evolution tasks for support equipment are the development of 
repair automata, the development of free-flying hybrid tele- 
operators, and the development and integration of the computer 
hardware and software for production control. 
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TABLE 12.8: R & D: SUPPORT EQUIPMENT 



Design & ground tests 
of internal trans- 
port & storage 
devices 


Design & ground tests 
of crawlers 


Design A ground tests 
of power plant 
components 


•» e 6 w 
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Design & ground tests 
of input/oi '.put 
station 


To produce a design of the cargo and personnel docking facili- 
ties, Including structural design of damped Impact-resistant 
structure, docking latches, manipulator cranes (with life- 
support pads, control computers, end effectors), androgyne 
docking rings, airlocks, and pressurized tunnel. Also ground 
tests on equipment components, stressing reliability, 
longevity, ease of repair. 


To produce a design for the magnetic cert Internal transport 
system and for the Internal storage device. Internal transport 
includes track, carts, magnetic drive components, control 
actuators, sensors, routing control hardware & software, & 
cart/cargo Interfaces. Internal storage device Includes holding 
racks, drive systems, Input/output devices, labeling systems, 
control hardware & software. Design work Includes load pre- 
dictions, geometric design & sizing, estimates of maintenance & 
repair, evaluation of operational safety. Tests of component 
longevity, reliability, ease of repair. Evaluation of 
modifications required for zero-g use. 


To produce & ground test designs for solar cell factory crawlers. 
Including structural design, drive systems, tracks & support 
structure, sensors, computer hardware and software, communica- 
tions, manipulators, end effectors. Crawlers are specialized to 
the sections they service, t therefore require variations on e 
basic design. Tests of component accuracy and reliability, & 
development of ground prototypes. Design of control software, 
crawler/internal transport Interface, maintenance & repair tech- 
niques. Evaluation of modifications needed for zero-g use. 


To produce a design for the reference SMF power plant, Including 
solar array, DC-OC and DC-AC converters, power feed systems, 
emergency fuel cells, switching systems, A control hardware & . 
software (much of this design matches components of the SPS). 
Includes mass, maintenance, repair, logistics, & cost estimates, 
structural design of solar array & busbars (design work Inter- 
faces with SMF structure development), sizing of fuel cells & 
converters. Tests on components, stressing reliability, ease of 
assembly (some of these tests probably done during SPS develop- 
ment). Investigation of bootstrapping possibilities. 











RESEARCH ITEM 


Design 8 ground 
tests of pro- 
duction control 
systems 


Des i gn 8 ground 
tests cf habitation 
components 


Design 8 ground 
tests of station- 
keeping and atti- 
tude control 
equi pment 


Design 8 ground 
tests of SMF 
structure component 


TABLE 12.8 (Continued! 


OBJECTIVE 


To Investigate production control options and to produce pre- 
liminary designs of space-rated computers, monitoring sensors, 
data transmission systems, status display systems, routing 
control software, Inventory control software, maintenance 8 
repair scheduling software, computer hierarchies, damage- 
tolerance techniques (e,g. redundancy, distributed controls 
with self-reconfiguration), management structures. Simulations 
of various software options 8 ground tests of hardware, leading 
to full-scale simulation of SMF operations, Including failures 
8 changes In production objectives. 

To produce a design for a modular zero-g habitat made from 
converted Shuttle external tanks, including Interior struc- 
tures, life-support systems (closed water cycle), airlocks, 
structural attachments, thermal control, shielding require- 
ments, emergency systems. Design work Includes load predic- 
tions, structural design, estimates of mass, power, main- 
tenance, repaid, logistics, 8 costs, In-spac* maintenance & 
repair features, evaluation of tecnnlcal uncertainty 8 
operational safety, development of space workers' nutritional, 
recreational, £ physical requirements 8 work schedules. Tests 
of habitation components, with emphasis on reliability, 8 
simulations of living conditions. Much of this research may 
be shared with near-term space station development. 


To produce designs of stationkeeping equipment. Includes com- 
putation of orbital requirements, estimation of attitude con- 
trol requirements, design of navigation 6 attitude sensors, 
guidance computers, oxygen thrusters (e.g. reslstojets. Ion). 
Ground tests of hardware, 8 computer simulations of orbital 8 
attitude perturbations 8 software response. Some design work 
8 tests common with SPS development. 


To produce a design for the SMF structure, including central 
mast, solar array supports, factory equipment support struc- 
ture, flexible joints with active damping systems. This design 
Is Interfaced with the design of Internal transport tracks 8 
power feed systems, which may be structural. Design Includes 
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12.8 (Continued) 

S 
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.1 

RESEARCH ITEM 

(continued) OBJECTIVE 

Concept 

Deffnltio 

e 

e 

e 

e i. 
a 01 

O CL 

fc» X 
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Shuttle 
Ex perl non 


development of position and deformation sensors, maintenance 
4 repair techniques, mass 4 cost estimates, evaluation of 
operational safety. Emphasis on ease of In-space assembly & 
repair. Tests of position s:nsors, active damping systems, 
assembly 4 repair tech»<q < 4 computer simulations to pre- 
dict load histories 4 c' requirements. 

1 

1 

1 

Design 4 ground 
tests of repair 
shop components 

To produce designs fo* - e shops made from converted 

Shuttle external tan Including human work areas, life- 

support systems, airlocks, Interior structures, emergency 
systems, structural attachments, repair automata, spare parts 
racks, Input/output systems. Design work shares common efforts 
with habitat development; Includes load predictions, struc- 
tural design, zstimates of mass, power, maintenance, repair, 
logistics, 4 costs, evaluation of operational safety, shle’dlng 
requirements, development of versatile zero-g workshop machines, 
development of automated repair machinery (several types), de- 
velopment of thermal control systems 4 toxic-gas scrubbers. 

Tests of components, with emphasis on reliability 4 ease of 
repair In space, l simulations of work conditions. Assessment 
of modifications for use In zero-g. 

X 

X 


Oeslgn 4 ground 
tests of free- 
flying 

teleoperators 

To produce a design for a versatile free-flying hybrid tele- 
operator for repair 4 maintenance operations In the solar- 
cell factory. Based on the Shuttle Teleoperator Retrieval 
System, this design Includes multipurpose manipulators 4 end 
effectors, navigation systems, thrusters, communications hard- 
ware, sensors, computers, power supplies, propellant tanks, 4 
a remote control station Design work Includes definition of 
specific tasks 4 reoul romcr .* 5 , component design, system In- 
tegration, development .;f complex software structures (In- 
cluding telemetry links to remote computers). Tests of components 
(emphasis on reliability) 4 simulations of integrated functions. 
Development of multi-media control station 4 communications 
links (video, audio, tactile). Assessment of modifications re- 
quired for SMF use. May have some earth applications. 

X 

X 







TA 3LE 12.8 (Continued) 


RESEARCH TYPE OBJECTIVE 

Concept 

Definition 

Ground 

Experiment 

Shuttle 

Experinent 

Integrated space 
prototypes of 
habitation, input/ 
output station, & 
repa i r shops 

To develop and test a modified external tank (half habitation, 
half repair shop) with attached docking systems (incl. manipu- 
lator crane). Tests of component reliability, safety, worker 
productivity, repair automata requirements, emergency systems. 
This equipment could fit into one Shuttle flight, & has potential 
near-term space use (such as a Shuttle repair station). This can 
also serve as a parking facility for experiments. 

| 

1 

1 

Integrated space 
srototypes of 
interna 1 transport 
S storage devices, 
crawl e- s , station- 
keeping ?• attitude 
c o r. t r o 1 equipment, 
S structure 

To develop & test an integrated space-rated prototype structure 
Including crawlers, transport & storage systems, and SMF struc- 
ture components (sensors, flexible joints, damping). This equip- 
ment car. possibly fit In one Shuttle payload, but requires In- 
space assembly. Tests include in-space assembly, maintenance, & 
repair techniques, verification of dynamic behavior predictions, 
accuracy of component operation (Including control hardware & 
software ) , 

1 



Space prototype of 
f ree- f I yi ng hybr i d 
tel eoperator 

* 

To develop 1 test a space-rated prototype of the free-flying 
hybrid teleoperator. Tests of all six command modes, device 
versatility and accuracy, operating range (time, distance, 
physical environment), operator learning curves. Tests can 
include teleoperator operations on structure/transport systems/ 
etc. prototypes developed earlier, & should include tests In 
simulated thermal i radiation environment of the solar cell 
factory. Teleoperator has potential uses In near-term space 
operations. 

1 






CHAPTER 13 

POSSIBLE SYSTEMS TRADEOFFS 
13.1: INTRODUCTION 

The SNF design which has evolved from this study is a 
reference design and only the obvious tradeoffs have been con- 
sidered in its evolution. Final optimization of an SMF would 
require much deeper analysis of the various alternate candidate 
systems than was possible within the time and cost constraints 
of this study. It is the purpose of this chapter to discuss 
briefly some of these tradeoffs. 

13.2: OPTIMIZATION OF PRODUCT FOR USE OF LUNAR MATERIALS 

One of the contractual guidelines of this study was that 
there would be no redesign of the SPS (chosen as an example pro- 
duct of the SMF) beyond lunar-material substitutions. This 
assumption forces unnecessary complexity on the SMF processes, 
and may lead to unrealistically high program costs. Signifi- 
cant reductions in SMF complexity can be obtained by designing 
the output specifically for lunar-material use and ease of 
space manufacture. Therefore a ful comparison of earth base- 
line and lunar material scenarios should include the option 
to optimize product designs within each scenario. 

More generally, the study should assess the physical and 
economic characteristics of the space production environment 
which drive the optimum design of SMF outputs. Examples of 
such characteristics are the availability of raw materials, 
the relative difficulties in refining various minerals, the 
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unsuitability of many traditional Earth processes* the advan- 
tages of processes unsuitable on Earth* the different cost 
patterns of energy, the availability of cheap vacuum, the 
effects of zero-g, and the relatively high cost of human labor 
All of these factors tend to rewrite the list of do's and 
don't's used In product design on Earth* and a systematic 
assessment of the optimum trends In product design for lunar 
material space manufacture would be a useful tool. 

One possible approach could be an inversion of the design 
philosophy used In studies to date. Rather than starting with 
a product design and asking "how can this be made in space 
from lunar materials?"* a study could begin with a list of 
available materials and a list of processes suitable for lunar 
and space use* (the processes graded according to simplicity 
and adaptation to the physical and economic conditions), and 
ask "what useful products can be produced, and which are the 
simplest and least expensive to produce?". 

13.3: EFFECT OF SPS MASS INCREASE 

A likely result of tailoring the SPS design for ease of 
space manufacture from lunar materials is an increase in the 
SPS size and mass. For example, some of the complexity of the 
reference SMF presented in this study results from the require 
went for production of solar cells with 12.5% efficiency. An 
alternative SPS design, using thin film cells or thermionic 
devices with 6% efficiency, might simplify the SMF design and 
therefore reduce the SMF costs. However, a 10-GW SPS would 
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2 

then require a collection area of 200 km (rather than the 
2 

baseline 100 km ), and would therefore be more massive than 
the baseline. 

The tradeoff to be evaluated is the cost reduction in the 
SMF design (due to the use of simpler solar cell manufacturing 
techniques) versus cost increases due to: possible increases 

in attitude control requirements (propellant) for the SPS; a 
required increase in the production of raw materials from the 
lunar base; increased transportation costs for these raw mate- 
rials; a required increase in the production capacity of the 
SMF; an increase in the assembly required per SPS. While the 
SMF related cost reductions and increases can be estimated 
from the SMF design, the other contributors to the tradeoff 
require further study. What is the cost of increments in 
lunar mining, transportati on , assembly? 

13.4: TRADEOFFS IN LUNAR REFINING 

There are many possible lunar refining options, and these 
candidates vary in the range of output minerals and the puri- 
ties of the outputs. In general, the larger the number of 
different outputs and the higher the output purities, the more 
complex and costly the refining equipment. On the other 
hand, a reduction in the available list of materials can force 
substitutions which complicate the manufacturing processes and 
degrade the performance of the final product. Similarly, a 
reduction in available purities can also increase the complex- 
ity of manufacture and decrease the final output quality. 
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Therefore there are tradeoffs between lunar equipment com- 
plexity and SMF equipment complexity and final product per- 
formance. As an example, if the production of S-glass on 
the Moon were difficult or impossible, the reference SMF 
might have to be modified to produce S-glass from lunar SIO2 
and Earth inputs, thus increasing SMF complexity and earth 
material requirements. Or the system could be modified to 
avoid the need for S-glass, producting electrical insulation 
from other materials; this could degrade the performance of 
the SPS. 

As another example, if semiconductor grade silicon were 
available from the Moon (rather than metallurgical grade) the 
reference SMF would not require a zone refining section. 

This example introduces another tradeoff: the location of re- 

fining processes. In the reference design, the refining of 
silicon is split between the Moon and the SMF, while the re- 
fining of other materials is done on the Moon. Each location 
offers different advantages in refining, however: the Moon 

benefits from gravity, which allows many Earth processes un- 
suitable for zero-g, such as separations by liquid or solid 
density variations, column exchange processes, solubility pro- 
cesses; and there are benefits in launching only pure materials 
from the Moon. However, labor may be more expensive on the 
Moon than in space, and the SMF benefits from continuous solar 
energy. Another consideration is the likelihood of c ntamina- 
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tlon of purified materials during transportation from the Moon 
to the SMF. All of these issues require further study. 

Another tradeoff in lunar refining is scaling, or the 
buildup sequence for lunar operations. Should a full-scale, 
ful 1 -capab 1 * 1 i ty lunar base be established early in the pro- 
gram, or should a limited lunar facility be set up and pro- 
gressively uprated? If a small scale base is set up to 
refine oxygen for interorbital propellant, at what time 
should the facility be expanded to produce raw materials? 

For the early SMF outputs, which materials should come from 
the Moon, and which from Earth? 

13.5: TRANSPORTATION FROM THE MOON 

Several options have been suggested for transportation of 
raw materials from the Moon: liquid chemical rocket, mass- 

driver, nuclear racket, aluminum powder/oxygen rocket, tethered 
satellite elevator. Besides the uncertainties in the R & D 
cost estimates for these options , several other issues also re- 
quire study. The costs of several of these options are strongly 
dependent on the source of their propellant and/or energy. 

For example, the aluminum powder/oxygen rocket is a competitive 
option only if both Al powder and oxygen are available in 
large quantities from the lunar refining processes. Therefore 
the lunar base capabilities can affect the relative merits of 
transportation systems. 

Another issue affecting the choice of transportation 

methods are the constraints they impose on their cargo. The 
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mass-driver operates on blocks or pellets, while the other 
options allow other cargo shapes (such as rods, slabs, powder) 
which may simplify the SMF input systems. 

Finally, as mentioned earlier, the necessity to avoid 
contamination of purified materials may significantly com- 
plicate some transportation options. All of these transpor- 
tation-related issues should be further investigated. 

13.6; SMF PRODUCTION CONTROL TRADEOFFS 

Within the SMF, several production control tradeoffs can 
have significant effects on SMF program costs. These trade- 
offs affect the design of support equipment and the methods 
of allocation of available resources. 

One tradeoff currently under assessment but requiring 
further study is automation versus human labor. For the 
supervision and operation of machinery, automated systems 
appear adequate and cost-effective. However, automation in 
maintenance and repair needs further research. Repair functions 
require evaluation of uncertainty; therefore automated repair 
systems are sophisticated and expensive devices, and human 
labor may well be competitive. There also exists the com- 
promise of remote-controlled teleoperators, with the operators 
on Earth. Evaluation of this tradeoff requires better esti- 
mates of costs and reliability of the basic equipment, of the 
automated repair systems, productivity of maintenance and 
repair labor in space, and productivity and costs of tele- 
operator systems. 
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From the systems point of view, below a certain range of 
population at the SMF, the human labor costs are low enough 
that they are not significant contributors to the SMF program 
costs. Therefore, if automation is used to the extent that 
the SMF personnel total is below this range, then further use 
of automation djes not yield si gnl fi cant returns, while in- 
creasing technical uncertainty. Based on the work in this 
SMF design study , and other in-house studies in the Space 
Systems Laboratory, the study group has located this "knee" 
in the program cost versus SMF population curve at an SMF 
population of roughly 2500, well above the population of the 
reference SMF (Ref. 13.1). Since this finding involves a 
number of assumptions on transportation (which is the prin- 
cipal cost of SMF personnel) further research should refine 
the accuracy of these findings. 

A related tradeoff is the choice of maintenance and 
repair strategies. Options include repair after breakdown, 
preventive maintenance, rotable spares, the use of throwaway 
components. Factors affecting the choice of options include 
costs of modular designs, reliability of the SMF equipment, 
tolerance of the SMF production layout to machine outages, 
response time of the repair system, cost of procurement and 
transportation of throwaway equipment spares. Further study 
of these issues is needed to determine the impact of each 
repair option or SMF program costs. 
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Another production control tradeoff is the location of 
the spares Inventory. If the spares are warehoused in space, 
their procurement and transportati on costs occur earlier in 
the program, adding to discounted costs, and the SMF requires 
warehousing facilities. But production outages are cut down, 
since spares are readily available. If the spares are 
bought and shipped from Earth as needed, production outages 
from broken equi pment are lengthened, and the SMF therefore 
must have a larger production capacity. This brings in the 
issue of machine redundancy: if the system is sufficiently 

redundant, machine outages may be tolerable, and in-space 
spares Inventory may be unnecessary. 

All of the production control tradeoffs are i nterrel ated , 
and should therefore be studied together. The challenge is 
to develop a production control philosophy well adapted to the 
economic and physical environment of the SMF. 

13.7; WASTE REPROCESSING AT THE SMF 

The reference SMF presented in this study wastes 50,000 tons 
of every 1 0,000 tons of material input. The solar cell factory 
wastes 36,000 of those tons. Therefore waste reprocessing op- 
tions and low-waste design options should oe considered for 
the SMF. The tradeoff to be studied is between the costs of 
the waste reprocessing equipment (or the incremental costs of 
substituting low-wasted designs in the reference SMF) and the 
costs associated with the input materials which will be wasted. 
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The latter costs consist of incremental costs of higher mining 
and refining output rates, larger transportation requirements 
from Moon to SMF, and higher material throughputs at the input 
end of the SMF. 

On the other hand, if the waste is in a form suitable for 
radiation or micrometeorite shielding for space facilities 
(or more exotic uses such as large masses for inertial anchors), 
the product waste may be beneficial . The effect of this option 
is to reclassify the suitable waste as a useful product, and 
to assign a value to that waste. The tradeoff is then between 
using process waste versus unrefined lunar material for bulk 
shielding or other applications 
13.8: SMF BUILDUP SEQUENCE 

As discussed earlier for the lunar mining and refining, 
there may be cost advantages in setting up the SMF in in- 
cremental sections. In such a buildup scenario, the early 
SPS's would include significant fractions of Earth materials, 
which would be reduced in later outputs as the SMF becomes 
able to produce more components from lunar materials. This 
scenario has the disadvantage that it requires setting up 
earth manufacturing systems (fo^ SPS components) which may 
be difficult to convert to production of earth outputs as the 
SMF is upgraded. However, the scenario a 1 so spreads the up- 
front costs of the program over a larger period, provides 
earlier economic returns, and reduces technical uncertainty 
by learning from the initial setup. Evaluation 
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of these tradeoffs should include study of transportation 
and lunar base systems also » since a stepwise buildup of 
SHF capability suggests stepwise buildups of those 
system elements as well. 

13.9: LOCATION OF FACILITIES 

There are several possible orbital locations for the SMF, 
e.g. low-lunar, geosynchronous , Lagrange-point, resonant, high- 
earth. Choice of location for the SMF should be done by an 
overall systems analysis of the tradeoffs involved. For ex- 
ample, a low-lunar orbit reduces the velocity increment re- 
quired between lunar surface and SMF. This is an advantage 
because the material wasted by the SMF does not nave to travel 
to a higher orbit; however, the amount of this savings de- 
pends on the choice of transportation systems. On the other 
hand, locating the SMF in low-lunar orbit stretches the lo- 
gistics and personnel routes between Earth and SMF; that cost 
increment also depends on the choice of transportation system, 
and the source of propellant (earth or lunar). 

The SMF location tradeoffs also involve the eventual de- 
stination of the SMF products. For example, locating the 
facility in geosynchronous orbit could reduce the output 
transportation requirements , if the satellite assembly stations 
are also in GSO. Since this transportation requires more ex- 
pensive packaging than the lunar-SMF transportation, this option 
can reduce costs. 
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In general, many of the facilities in the 1 unar -material 
scenario (lunar base, transportation transition points, SMF, 
assembly stations) have alternative locations, and the associ- 
ated tradeoffs involve transportation costs, equipment design, 
availibillty of energy, stationkeeping, worker safety, propel- 
l«*nt and material sources. An overall systems analysis. In- 
cluding computer modeling and preliminary design of options, 
is needed to optimize the scenario. 

A related set of tradeoffs is the location of individual 

processes. For example, material refining could be done in 
space rather than on the Moon. This tradeoff involves relative 
costs of equipment, transportation costs between the two lo- 
cations, and the relative costs o c maintaining and transporting 
personnel. Since logistics and personnel trans portation to an 
orbital SMF is cheaper than to the Moor, this suggests that 
the lunar base should be kept as simple as possible; however , 
refining at the SMF requires transportation of larger quantities 
of lunar materials to the SMF. Furthermore, zero-g refining 
equipment is likely to be different than lunar equipment (in- 
cluding differences in power supply or power storage require- 
ments), and will therefore have different costs. Similarly, 
some processes could he done on the Moon (slab or ribbon pro- 
duction) or at the satellite assembly sites (component sub- 
assembly) rather than at the SMF. These tradeoffs involve or- 
bital locations, transportation capabilities, earth-material 
requirements, alternative equipment designs. 
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CHAPTER 14 


CONCLUSIONS AND RECOMMENDATIONS 
14.1; CONCLUSIONS 

1. The space manufacturing facility is technically 
feasible, in that a facility can be built which can turn 
lunar materials into the required outputs. Such a facility 
can be operated in space on a continuous basis. 

2. The production operations of the SMF appear versatile 
in that the facility can produce a wide variety of products, 
from structural members to solar cells to klystron assemblies 
The study group concludes that a wide range of satellite com- 
ponents can be manufactured in space, without extensive modi- 
fications to the reference SMF. 

3. The SMF concept is also flexible, meaning that space 
manufacutring facilities can be designed for a wide range of 
production rates. For example, a small solar-cell production 
operation can be set up by using a small number of production 
strips. Most of the reference SMF can be scaled up or down, 
and operated over a range of regimes. Thus commitment to the 
use of an SMF does not entail commitment to a large output 
rate ; small SMF' s are possible. 

4. The reference SMF also appears productive, in that it 
produces a yearly output with roughly ten times the mass of 
the production equipment. It should be noted that roughly 
453 of that output is solar cells, which currently have a far 
lower (output rate)/' production equipment mass) ratio. 

14.1 



5. The space environment can improve industrial opera- 
tions, provided that the SMF processes are chosen and de- 
signed to take advantage of the characteristics of space, 
specifically the readily available vacuum and energy, and 
the low-stress environment of zero-g. The SMF environment, 
both physically and economically, is different than Earth's 
and in many cases beneficial. 

6. Evaluation of the lunar-material option requires more 
in-depth systems studies, trading off the various scenario 
parameters (e.g. characteristics of lunar base, transporta- 
tion systems, SMF, assembly station, and output SPS). 

7. Technology demonstration programs are needed to veri- 
fy suggested processes. In-space prototypes need not be 
large, but can benefit from a permanent orbital platform. 

8. Based on 1 SPS/year the SMF will require non-recur- 
ring costs of $11.6 billion including R & 0, procurement, 
transportation and power supply. Annual recurring costs of 
$1.2 billion will be required and an operating crew of 440. 
14.2: RECOMMENDATIONS 

1. Conduct systems tradeoffs outlined in Chapter 13 
leading to an optimized space manufacturing scenario using 
lunar materials. 

2. Design a smaller, near-term, technology demonstration 
space manufacturing facility using terrestrial material inputs, 
possibly located in LEO, including appropriate elements of 

the technology evaluation program outlined in Chapter 12. 
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3. Examine the possibilities of using space specific 
processes to manufacture products competitively for terres 
trial consumption. Several such candidate processes have 
been identified by this study. 
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ADDENDUM I 


DIRECT VAPORIZATION EXPERIMENTS 
1.1; INTRODUCTION 

The reference SMF design used Physical Vapor Deposition 
(PVD) as a key process in the fabrication of solar cells. In 
this process* atoms "boiled off" from source material (such 
as slabs of silicon) are deposited onto an exsisting surface, 
forming a "top" layer of new material. It is this layer by 
layer build up of materials which forms the solar cell (see 
Chap. 6). 

PVD, or DV (direct vaporization), was selected for the 
SMF for the reasons discussed in full in Chap. 5. When con- 
sidering the DV options, it was found that literature search 
and consultations with experts were insufficient to obtain 
the information required for detailed equipment designs. This 
was because the literature is very scant, expert opinions are 
limited by proprietary restrictions, and those expert opinions 
available contradict each other on significant factors, such 
as the relative effects of deposition rate and surface tem- 
perature, and the required annealing times and temperatures. 
Thus, the study group decided to perform experimental work 
on the DV of silicon and silica (SiO-). This work had three 
purposes: 1) to investigate the feasibility of using DV for 

the various SMF processes, 2) to study the specific conditions 
necessary for the operation of the DV processes, and 3) to 
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indicate the directions for future research, appropriate to 
the SMF DV processes. 

The requirements for silicon deposition in the reference 
SMF are high deposition rates ( 4 microns/min) and columnar 
grains of 100-200 microns diameter (after processing). The 
technique used in the reference design involves deposition of 
a polycrystal 1 i ne or amorphous silicon layer followed by a re- 
crystallization process. As discussed in Chap. 5, direct 
vaporization cannot alone produce a monocrystalline silicon 
wafer. Some sources in the literature suggested estimated 
maximum practical deposition rates of .5 microns/min and 
suggested that a deposition surface temperature of 1200°C was 
necessary to get a crystalline deposit. If these estimates 
were accurate, the deposition section would require con- 
siderable lengthening, and the deposition temperature would 
destroy the rear aluminum contact. More specifically, the 
deposition process should be limited to a temperature low 
enough to avoid any significant diffusion of aluminum into 
the si. icon (the Si-Al eutectic temperature is 578°C). The 
study y therefore needed to obtain quantitative infor- 
mation about the relationships between deposition rates, sub- 
strate temperature and the morphology of the deposited layer 
(particularly the grain size). 

In thjse experiments, silicon and silica were vapor 
deposited onto 6061 aluminum alloy in a vacuum chamber. The 
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power source fcr the experiments was a 6 kW Electron Beam gun. 
The tests Investigated the effects of beam power on deposition 
rate, deposition rate on grain size, and substrate temperature 
on grain size when depositing silicon onto aluminum, and at- 
tempted to deposit silica onto an unheated aluminum substrate. 
1.2: APARATUS 

1.2.1 Deposition Equipment s schematic representation of the 
equipment used in the vapor deposition experiment? is shown in 
Fig. 1.1. The apparatus may be divided into three sections: 
the vacuum system, the evaporator, and the substrate assembly; 
each of these is described below. 

The vacuum system consists of a stainless steel chamber 
(with 2 lead glass viewing ports), a mechanical roughing pump, 
two oil diffusion pumps, and bourdon and ion pressure gauges. 
For these experiments, typical working pressures were in the 
low 10"*® Torr range. 

The evaporator system consists of an electron beam gun, 
a magnetic deflection system, a power supply, and a lined 
hearth containing the source material (see Fig. 1.2). 

The electron beam gun consists of a tungsten filament 
cathode and a ground plate (which serves as an anode) which 
produces a stream of electrons directed vertically from the 
gun. An electromagnet is then used to "turn" the beam through 
180° and direct the electrons towards the source material in 
the hearth. The gun is connected to a 10 k V / 6 kW power supply 
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The high energies involved mean that both the electron 
beam gun and the hearth containing the source material must 
be actively cooled by a water system. As can be seen fror the 
figure, the gun and hearth are incorporated into a single unit 
requiring one inlet and one outlet pipe for the coolant. 

The material to be deposited Is placed inside a machined 
•graphite crucible which acts as a liner for the hearth. Semi- 
conductor grade silicon and quartz crystal, crushed into small 
pieces, degreased and cleaned, were used in the deposition 
experiments . 

As shown in Fig. 1.2 a nickel “guard" was built around 
the power lines and feed throughs in order to stop vaporized 
silicon from depositing itself onto the high voltage leads 
and causing a dangerous short circuit. Mounted on the guard 
was a mirror, angled to i’Iow an observer at one of the windows 
to see the source material. 

The substrate assembly system consists of a substrate 
holder, substrate heater, and thermocouple, all mounted on a 
spindle (see Fig. 1.2). The spindle allowed the substrate 
assembly to be rotated in the horizontal plane so that the 
substrate was only positioned above the source material during 
the actual deposition. 

The substrate holder was a mica sheet with a 2 cm x 2 cm 
square cut out of the center. The aluminum substrate (a 
polished disc 46 mm in diameter) was positioned over the hole 
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and fastened to the mica by a steel strip. The mica was, in 
turn, fastened to the bottom of a steel frame which held a 
radiative heater directly above the substrate 

The substrate heater, used to control substrate temperature 
consisted of thin tungsten wire wrapped around two aluminum 
rods. Two steel foil shields were positioned above the wire 
in order to deflect more energy onto the substrate. Power was 
supplied to the heater by a DC Variac unit outside the vacuum 
system. 

A thermocouple, with one junction clipped to the sub- 
strate, was used to monitor substrate temperature. 

1.2.2 Sample Analysis Equipment : In the silicon wafer of a 
solar cell, grain boundaries tend to inhibit the motion of 
charge carriers, and thus reduce cell efficiency. Therefore, 
an important measure of the quality of a silicon wafer is 
the average grain diameter. The deposited silicon films were 
analyzed to determine film thickness and average grain diameter 

Film thickness was measured using a Dektak; this machine 
measures the displacement of a diamond stylus which rides over 
the edge of the deposited film. Deformations in the substrate 
can lead to false readings, and so this method is limited to 
use on flat substrates (those showing less than .5 micron fluc- 
tuation across the substrate). 

Average grain size was determined from micrographs taken 
using a scanning electron microscope (SEM). Average grain 
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diameters were calculated by averaging several observed and 
measured grains -- films with no observable grains were con- 
sidered amorphous. The SEM was also used In determining the 
thickness of deosits made onto substrates too deformed to 
use the Dektak. In this process, the sample was sliced, and 
a photograph of the cross-section taken through the SEM. The 
approximate film thickness could then be determined from the 
photograph . 

1.3: EXPERIMENTAL PROCEDURE 

In producing samples of deposited material, the study 
group followed the procedure outlined below. 

The vacuum system was pumped down to the operating pres- 
sure -- in the low 10~® Torr range -- and the EB gun switched 
on and adjusted to nelt the material to be deposited (silicon 
or silica). Once the material was melted, power to the elec- 
tron gun was adjusted to begin the vaporization process. 

Once vaporization nad begun, the substrate (pre-heated to the 
desired temperature) was swung into position over the hearth. 
Deposition was allowed to continue for a measured time 
(typi cally 30 minutes), after which the system was shut down, 
and the sample removed for analysis. 

1.4; RESULTS 

The tests were explorator . » nature and conducted for 
the purpose of very preliminary investigations of the vapor 
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deposition process. The time and equipment available pre- 
cluded the production of a large number of measurable samples 
In this series of experiments. The results presented are, 
therefore, very rough estimates of possible performance, 
mainly confined to the effects of deposition rate on the grain 
structure of deposited silicon. 

Table 1,1 lists the measurable samples produced and their 
associated properties. A few of the samples produced were 
sufficiently deformed by thermal stresses (having been allowed 
to cool too rapidly after completion of the deposition pro- 
cess) so that they could not be analyzed; these sa.np1es are 
not listed. 

TABLE 1.1; SAMPLE MEASURMENTS 


Sampl e 
Number 

Deposition 
Rate v'u/min) 

Substrate 
Temp. (°C) 

Average Grain 
Diameter (p) 

3 

0.29 

510 

0.4 

5 

0.25 

505 

0.44 

8 

0.04 

500 

1.04 

9 

0.83 

500 

amorphous 

11 

1.1 

500 

amorphous 

16 

0.15 

450 

0.22 


Figure 1.3 is a micrograph of sample number 3 at 3000x 
magnification. This is a polycrystal 1 i ne sample, with each 
oi the grains appearing as the small circles on the photograph 
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FIGURE 1.3: POLYCRYSTAILINE SILICON DEPOSIT 


Figure 1.4 is a micrograph of sample number II at 5000x 
flcation. This is art amorphous sample with no visible 


FIGURE 1.4: AMORPHOUS SILICON DEPOSIT 
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Figure 1.5 Is a plot of grain size vs deposition rate for 
samples 3-11 . 



FIGURE 1.5: AVERAGE GRAIN 

DIAMETER VS DEPOSITION RATES 

A single attempt was made to deposit silica onto an un- 
heated substrate by direct vaporization. After melting, the 
silica began to vaporize and a coating was deposited onto the 
aluminum. During the deposition process (a period of 15 min.) 
the substrate temperature rose through 215°C. With any 
thermal control, the stresses set up during cooling were suf- 
ficient to make the silica deposit separate from the substrate. 
1.5: DISCUSSION OF RESULTS 

From Table 1.1 and Figs. 1.3 and 1.4 it can be seen that 
two types of deposit were made -- polycrystal 1 ine and amor- 
phous. The amorphous deposit is in a higher potential energy 
configuration than the lattice structure of the polycrystalline 
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deposit. Thus, in a recrystallization process, such as that 
used in the reference solar cell factory design, an initially 
amorphous deposit of silicon may be a better starting point 
than a polycrystall ine one. This is an area in need of fur- 
ther research. 

Figure 1.5 shows that, for silicon deposited onto A1 , 
the average grain diameter decreases with an increase in de- 
position rate. As the silicon atoms are initially deposited 
onto the substrate, a series of randomly oriented nucleation 
sites are formed. If there is sufficient time, the nucleation 
sites coalesce into a few large nucleation sites. The rate 
at which atoms are arriving at the surface initially deter- 
mines the number of nucleation sites formed. Subsequently, 
as atoms arrive at the deposition surface they require a 
finite amount of time to find a vacancy in the developing 
lattice structure. As the rate at which the atoms are ar- 
riving is increased, there is less time for each atom to lo- 
cate a vacancy, and some of the vacancies remain unfilled. 
Therefore, if the deposition rate is low, the atoms initially 
have time to coalesce and form a few large nucleation sites. 
Subsequent atoms fill most available lattice points at these 
nucleation sites and the grains grow outwards until they 
meet grains of different orientation -- thus determining the 
grain size, if the deposition rate is higher. Initially many 
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nucleate on sites are formed leading to the growth of smaller 
grains. If the deposition race becomes sufficiently high, 
the atoms have insufficient time to assume a crystalline 
structure before subsequent atoms arrive and bury them — this 
is an amorphous deposit. 

The test to deposit silica by direct vaporization gave 
two results. First, it showed that silica may be deposited 
by direct vaporization. Second, it showed that there is a 
need to exercise thermal control over the substrate (to pre- 
vent the development of thermal stresses such as the ones 
encountered in the experiment). 

1. 6; CONCLUSIONS AND RECOMMENDATIONS 

1.6.1 Conclusions: 

1) Direct vapor deposition of either polycrystalline 
or amorphous silicon is feasible. 

2) For silicon, an increased deposition rate tends to 
give a reduced average grain di ameter . 

3) Direct vaporization of silica is feasible. 

1.6.2 Recommendations for further study : 

1) Investigation of the requirements for optimum recrys- 
tallization (see Chap. 12). 

2) Further investigation of the conditions for deposition 
of silicon omo aluminum. Of interest are the effects 
of substrate tempera t'ire , substrate morphology, and 
vapor pressure on the grain structure of the deposited 
s i 1 i con . 

3) An investigation of the optimum conditions for the 
direct vaporization of silica. 
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ADDENDUM II 


AUTOMATION AT THE SMF 
H_J INTRODUCTION 

This automation addendum provides an explanation of 
how the designer should approach the configuration of the 
computer resource^ using the solar cell factory (SCF) as an 
example. The philosophy presented is applicable to most of 
the other sections of the SMF. 

A description of the free-flying hubrid teleoperator 

(FHT) remote repair system appears in Chapter 9, "Maintenance 
and Repair", because this is one of the principal repair 
devices used in the solar cell factory. Quality control 
sensors and the strategy for keeping inventory of factory 
materials and components is presented in Chapter 8, "Support 
Equipment Specifications". These items are therefore not 
covered in this addendum, although they involve issues of 
automati on . 

II. 2: GENERAL CONCEPTS CF AUTOMATION 

Because technology is moving so fast, one cannot 
accurately predict what computer capabilities will be just 
one decade into the future (Ref. 1,2); however, were advances 
in computer technology to halt today, the current state of 
the art is cause enough to make the computer resource a 
major consideration in space system design. 

Recent advances arge scale integration (LSI) 
technology have changed the economics of computer system 
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design and have led increasingly to the use of extremely small, 
inexpensive, yet powerful processing elements (PE's). 

Computers in the 1990's resulting from the certain 
advances in integrated ciicuit (IC) technology will be avail- 
able to the SMF designer for information storage, quality 
control, diagnosis of plant equipment, component control and 
coordination, and for the operation of teleoperators and 
crawlers. Decisions concerning the role of computers in 
components of a space system should not be relegated to the 
detailed design phase of the project, because such an approach 
would lead to lack of commonality between computer subsystems, 
reduced maintainability, and an inability to attain needed 
levels of fault tolerance (Ref. 3). 

The computer resource for the Solar Cell Factory 
(SCF) is to be targeted for use in two areas of industrial 
automation: manufacturing control and robotics (Ref. 3). 

Manufacturing control applies automation to the ti-'i*- 
sequenced manipulation of the geometries of raw . .rials 
under computer supervision to form parts that are then 
assembled. A robot can be defined as a mobile manipulator 
not requiring the constant direction of an operator. Clearly, 
the SCF crawlers and teleoperators fall under this latter 
category. A description of the solar cell factory robots and 
the automated functions of the teleoperators is presented in 
Chapter 9. 
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Standardization of the hardware and software of the 
computer resource will help reduce system complexity and cost. 
This commonality would have obvious benefits if the computer 
resource were geographically distributed in the SCF. Taking 
an even wider view, on the scale of the SMF itself, Matelan 
(Ref. 4) suggests that the computer resource of the SCF and 
the habitat be designed as if they were joined so that if for 
some reason the connection is needed, such a task could be 
accomplished with ease. 

All computers, whether fixed or mobile, are designed 
from the beginning to make them function as integral members 
of the resource. The computer resource should be thought of 
as a major system component itself, rather than as a group 
of elements in other components. This coordinated integration 
of computing power, cutting across subsystem boundaries, could 
be a unifying force in the overall design of a space manu- 
facturing and habitation facility. 

This addendum suggests the adoption of a distributed 
computer control scheme for the SCF. Ramamoorthy and 
Krishnanao (Ref. 5) define a distributed computer system 
as "an interconnection of digital systems called Processing 
Elements (PEs), each having certain processing capabilities, 
which are spatially either close or far apart, communicating 
with each other through a common memory, a bus or a communi- 
cation line, and having either apparent or hidden hierarchical 
levels of control." 
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The adoption of a distributed control strategy must 
be justified for the application under design, the SCF. 

Ref. 6 suggests the following criteria which the application 
environment must satisfy to justify a distributed computer 
configuration : 

(1) The application is amenable to logical division 
into autonomous units. 

(2) The data collection and reduction functions are 
distributed in space. 

(3) The resources required for a subset of functions 
can be predicted. 

The first criterion can be seen to be satisfied upon examining 
Figure 6.8 illustrating the manufacturing process of the SCF. 
In this case the various machines could be considered the 
autonomous units. Data collection and reduction will occur 
locally at the component/machine level and the information 
will be made available periodically to the higher levels of 
control. The system is defined well enough so that the 
necessary means for control can be estimated. 

The designer may be tempted to adopt a central 
computer to control all aspects of the facility; however, a 
comparison between a distributed computer resource and a 
central computer shows that the distributed approach has 
distinct advantages making it the more attractive choice. 

The use of one computer would require a complete backup in 

case of a computer failure--an expensive arrangement. 
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With a distributed configuration the failure of one PE will 
not shut down the entire system, and in addition, the computer 
resource can be designed to reconfigure itself around a 
failed processor. 

This dispersed system makes early subsystem checkout 
and fault tracing easier to accomplish. The modular nature 
of the distributed system simplifies the hardware and soft- 
ware by dividing the system into units of manageable com- 
plexity and allows for easy tailoring of the computer resource 
to the application. A system with distributed PE’s can be 
easily expanded without modifying the entire facility, while 
expansion of capabilities and modification of programs can 
be quite cumbersome in a central computer. Interestingly, 
the direct costs of a single, powerful central processing 
unit and its software are higher than the combined costs of 
multiple, lower-power central processing units and associated 
software that together provide equivalent performance (Ref. 7), 

The most important step in the design of a distri- 
buted computer architecture that matches the application is 
the definition of the process and the possible failure modes 
of that process, i.e. one must know what is to be controlled 
before deciding on a control scheme (Ref. 8, 9, 10). This 
definition must include the normal functions of a component, 
assorted monitoring functions, the coordination of the com- 
ponents of a machine, the coordination of the machines of a 
strip and the coordination of 14 strips to form a package. 
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What needs to be coordinated will become obvious when the 
objectives of the facility are examined. Further, the modes 
of failure at all levels should be predicted, as well as the 
amount of time between the occurrence of a failure and when 
it is corrected. One should examine how long a process can 
continue within tolerable limits while it is not being con- 
trolled and what the "regret" is to the facility of com- 
pletely losing a particular component/machine. How the pro- 
cess will be safely started and stopped is a very important 
matter to address. From this analysis the designer should be 
able to detect decision points in the control structure, e.g., 
when part of a strip should be stopped o»* when a crawler/ 
teleoperator should be alerted for a 'epla rment or repair 
job. Here the designer should realiz t functions which 
inherently lend themselves to centralized vcision, like 
those mentioned above, should not be distributed (Ref. 11). 
This careful analysis of the application will d uide the de- 
signer to the correct architecture and thus lead to the 
design of a successful distributed system. 

The designer is now confronted with the question 
of processor interconnection schemes, and thus with one of 
the most difficult issues in configuring the computer re- 
source. Interconnection strategies will have to be dealt 
with at all levels of the hierarchy. Ref. 12, which dis- 
cusses these issues at length, presents this important facet 
of the design under three broad categories: 


II .6 



(1) Physical aspects of the configuration 

(2) Control and communication issues 

(3) Reliability issues 

The distributed systems research indicates clearly, though, 
that the three categories listed above cannot be considered 
alone; they impact each other. Here, again, the careful 
analysis of the requirements of the facility mentioned earlier 
will be the best guide to the designer on how these three 
issues should be resolved. 

This addendum presumes that each component within a 
machine will be controlled by its own processing element, 
e.g., a microprocessor with sufficient memory and processing 
power to adequately regulate the component and also interact 
with the higher levels of control. The designer has the 
option of either physically imbedding a microprocessor into 
a component, which would simplify the interfaces between the 
processing element and the component instrumentation (Ref. 

10, 13), or of putting all the microprocessors of a particular 
machine on a common board near the machine, which would 
facilitate replacement and repair of the processors (Ref. 11). 

Ref. 14, the classic study of the taxonomy Oi inter- 
connected computer networks, lists the advantages and dis- 
advantages of several computer networks. How well a micro- 
processor is programmed and interfaced as part of an integral 
control system determines whether a particular microprocessor’s 

advantages will be realized (Ref. 15). 
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Further, maintaining 



microprocessor homogeneity throughout the system will enhance 
the design of an Integrated computer resource that Is fault 
recoverable. 

The designer should be aware of the special con- 
ditions In earth orbit and In the SCF Itself so that appropriate 
processing elements and bus lines can be chosen that will not 
degrade In such an environment. 

11.3 COMPUTER CONTROL SYSTEM REQUIREMENTS 

The kind of coordination and communication necessary 
for the SCF may become obvious with the following example. 

Tables 1 and 2 show a simple breakdown A *"cl functions 

of the direct vaporization of aluminum - 

Intercommunication needs between •‘•on; 1 *“ • ; processing 

elements are minimal; however, the component;. oi a machine 
will need to be coordinated to meet the objectives of that 
particular machine. This could be accomplished by a marline 
processing element dedicated to overseeing the shutdown and 
startup of the components, alerting the level of control 
above it, the strip controller, that an intolerable condition 
in that machine has been encountered, and transferring data. 

The application clearly reveals the requirement for 
a strip control (see Figure 6.8). The strip controller will 
te neecd to halt all the machines prior to the panel align- 
ment -I-,, insert machine if any one of these ceases to operate 
because of an intolerable condition. Further, with these 
machines shut down, the panel insert machine must be alerted 
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TABLE II. 1 


DV OF Al. MACHINE COMPONENT 
CONTROL FUNCTIONS 


EB Gun 

power, current, voltage levels 
filament feed mechanism, filament use 
Deam direction 
machinery health 

Slab Feed 

rate of f ?eu 
slab cc ~tion 
need fo» wore stock 
machinery health 

Thick is Monitor 
data gathering 

movement across width of belt 
machinery health 
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TABLE II. 2 

DV OF AL MACHINE CONTROL 


Messages Received 


from component control 

• need for replacement or 
non-urgent repair 

• notice of intolerable 
condi ti on 

• data 


from strip control 

• notice for start-up 

• notice for shutdown 


Messages Give n 


to component control 

• component ( s ) start-up 

• component ( s ) shutdown 

• confirmation of messages 
received 


to strip control 

• need for replacement or 
non-urgent repair 
(teleoperator/crawler) 

• notice of intoler, ble 
condition 

• data 


1 1 . 1 0 





to start providing spare panels. The appropriate teleoperator 
would then be alerted to redress the anomalous condition. A 
similar situation would occu^ with machines past the panel 
insert zone except that the panel insert machine would start 
collecting good panels from the previous machines . This in- 
stance also revea's the need for a higher 'evel of control, 
namely a package stjtion control, because when one of the 
production strips past the panel alignment and insert zone is 
stopped, this will require all fourteen strips past the insert 
zone to halt, unless a missing strip in a package can be 
tolerated. The above illustrates why centra 1 processors 
could be important at various levels within the computer 
resource hierarchy. 

With respect to communication in a distributed com- 
puter resource. Ref. 16 gives the following explanation: 

"The key to distributed systems is the establishment 
communications. In general, the sending of a message is 
equivalent to transmitting energy, and it is desirable to 
minimize the system energy. To put it another way, it is 
desirable to transmit a minimum amount of information, con- 
sistent with function, within and between systems. The 
distributed system is fundamentally intended to minimize 
transmission of information." 

When unscheduled events like malfunctions occur 
requiring the ' mg of machine(s), an interrupt in the 

programs can be employed that stores the state of tne task 
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in progress until the problem is rectified. Further, Ref. 18 
suggests the use of an interrupt in all processors every few 
milliseconds to coordinate the timing of all functions in 
the system. 

The designer will eventually need to decide- how often 
local information, whether it be quality control data, e.g. 
thickness, composition and temperature, or a rundown on the 
state of a machine, should be provided to the higher levels 
of control. In general, the designer should move those 
functions that are done most frequently down the hierarchy, 
and those done less frequently up the hierarchy. 

The communication paths in the SCF will most likely 
be exposed to a hostile environment that could garble messages. 
Use of optical communication paths may be attractive for this 

type of environment. Ref. 17 notes procedures for adding 

; 

redundant bits to a message so that the receiver can detect 
an error in the message on its arrival. Some schemes not 
only detect errors at a receiver, but also correct them. 

The analysis performed on the application should 
also examine the "regret" of losing a particular component/ 
machine so the designer will have some idea about those 
functions reauiring the greatest reliability. 

One approach to making the attributed computer 
system more reliable is by simply duplicating the micro- 
processors wherever they occur, whether at the component 
level or at one of the control levels (Ref. 4, 17). Tnis 
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philosophy could extend to sensors and communication buses 
as well. One of the two processors would operate in a 
standby mode, ready to take over in the event of a failure. 

To decide when a processing element has failed, though, is 
not easy, and generally one cannot rely en the module itself 
to announce that it is failing (Ref. 12). 

Another approach to making the system more reliable 
to reconfigure the computer resource when a failure of a 
processor occurs. Reconfiguration is characterized by the 
ability of a system to adapt itself to changes in its status 
and to provide a variable organ i zation . This could be 
accomplished with spare micr processors strategically located 
throughout the computer hierarchy, e.g. one spare processor 
for each machine (Ref. 2, 18). When a processor has been 
determined to fail, the appropriate spare would then assume 
its load until the necessary replacements had been made. 

A reconfiguration strategy can be determined prior 
to the execution cf a job based on predicted failure modes-- 
this is known as static reconfiguration. Dynamic recon- 
f ig u rat ion strategies could also y, espond to predefined 
situations, but would take into account the current status 
of the system. This latter reconfiguration scheme can com- 
plicate the software and the amount of processing needed, 

or as Ref. 12 explains, " dynamic reconf igurati on involves 

high overhead and may be restricted to the cases where re- 
configuration is a must (e.g. failure modes), or to the 
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cases where the overhead to determine a reconfiguration 
strategy is tolerable." 

Some combination of duplicating processors and using 
spares at various levels may turn out to be the ideal con- 
figuration. A preliminary analysis of the SCF indicates 
that the greatest reliability will be needed at the panel 
insert machine, a “buffer" which can store good and defective 
panels and also provide spare panels when needed. 

Even if the designer adheres to a simple and consistent 
design of the computer resource for the SCF, in all probability 
the software will be the most unreliable part of the configu- 
ration (Ref. 4). Bishop (Ref. 20) suggests the use of a 
simulation program to model the communication links between 
processors. If the model is realistic, the program should 
be able to detect and diagnose real-time software errors in 
the network. 

II. 4 EXAMPLES 

II. 4.1 Example of An Automated Control Computer Structure : 

As is clear from the discussion of section II. 2, it is extremely 
difficult to predict advances in computer technology a decade 
ahead. However, the current state of the art and the promise 
of improved capabilities (e.g. high-density integrated cir- 
cuits, hologramic storage, vision, voice actuation) make com- 
puters a major system element in space hardware design. A 

computer structure at the space manufacturing facility can be 

11.14 



used for automated control of machinery, inventory, routing, 
maintenance and repair scheduling, monitoring, quality control. 
Computers could also be used in robots, defined here as 
machines capable of dealing with some uncertainty in their 
envi ronment . 

II. 4. 2 Example of An Automated Control System : The basic re- 

quirements of computer structures at the SMF can be summarized 
as follows, based on the discussions of sections II. 2 and II. 3. 
The system must provide localized functions (monitoring, con- 
trol, quality control) to a large number of machines spread 
throughout a large volume of space. The system must also 
prov 3 intermediate functions (maintenance and repair 
scheduling, routing) to machines and groups of machines. The 
system must provide centralized functions to the entire SMF 
or ~o major sections of the SMF (inventory control, resource 
allocation, factory status monitoring and display). Finally, 
the entire system should be reprogrammable, to adjust for 
variations in production requirements. A single computer, 
tied to all sensory and control systems in the factory, has 
several disadvantages. First, most sensor systems and many 
control systems send out or receive analog signals, which 
are less reliable than digital signals. Therefore the 
machines should include analog/digital conversion devices 
and use digital communications with the master computer. 

' £ .cond, there is a critical need for damage tolerance in the 
.ystern, since a failure in the master computer could 
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lead to extensive damage in the suddenly uncontrolled factory. 
This argues for a fully redundant computer system or a set of 
decentralized emergency control units. The transition from 
primary master computer to a backup master computer can be a 
very delicate operation, especially if it requires the trans- 
fer of large amounts of information; it also requires a sophis- 
ticated arbitration system to decide when the primary computer 
is malfunctioning and to order the switch. Third, such a 
master computer would be very difficult to reprogram, due to 
the complexity of its algorithms. Thus even a minor change 
in production requirements could require a complex reworking 
of the control system. Fourth, the input/output systems of 
the master computer would have to handle very large amounts 
of data. 

These criteria suggest a distributed computer structure 
consisting of several levels of centralization (localized, 
intermediate, centralized) with increasing levels of sophis- 
tication. The system should be connected by a network of 
communications paths, along which can travel sensor data, 
control commands, status information, emergency requests, 
reprogramming commands, and blocks of memory. 

An example of such a computer structure for the solar 
cell factory appears rig. II. 1. At the local machine level, 
microprocessors (labeled A1 , A2, A3,...B1, B2, B3,...) handle 
the functions necessary to the machine's operations (e.g. 
monitoring and diagnosis, control, quality assurance). The 
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A series watches over one production strip, the B series over 
another, etc. 

Each se. of microprocessors on a strip is tied to 
each other and to a "strip host." The strip host contains in 
memory all the software used by the strip microprocessors , as 
well as diagnostic programs. It can therefore monitor the 
proper function of the microprocessors, and correct software 
malfunctions. In addition, the strip host arbitrates between 
the requests for assistance of the microprocessors, and assigns 
the computer resources available. The strip host also regu- 
lates communications between the strip microprocessors and 
the other computers in the network. 

The 14 strip hosts in a section of 14 production 
strips are tied to each other and to a section control computer. 
Based on information from the strip hosts, the section control 
schedules maintenance and repair. It also monitors the strip 
hosts and reprograms them as needed. 

The 19 section control computers (for the solar cell 
factory's 19 production sections) are tied to each other and 
to the main solar cell factory control facility, which includes 
computers and human supervisors. This facility monitors and 
reprograms the section control units, and takes over problems 
which the localized computers have found too difficult. 

Although Figure II. 1 shows the separation between 
software sections of the computer structure, it does not in- 
dicate the location of the computers themselves. It is 
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possible to group the computers into clusters to simplify 
support services. However, this stretches the data trans- 
mission lines and increases the risk of a single physical 
accident damaging a substantial fraction of the computer 
capability. Although difficult to assess at this stage, some 
physical distribution of equipment seems desirable. 

The most critical factor in the design of a computer 
system for the solar cell factory is ility and damage 

tolerance. Since loss of control “ can damage sections 

of the factory, or at least stop production in the affected 
section, the design of a fail-safe or, better yet, fail- 
operational computer system becomes a very worthwhile effort. 

By comparison, the mass and power consumption of the system 
are not significant criteria, since they are expected to be 
very small percentages of SMF mass and power. 

Part of the solution to the problem of reliability 
is the development cf long-life space-rated computer hardware. 
In addition the equipment should be modular and repairable 
by replacement of mu'ules. This repair will probably be 
done by automatic equipment in the solar cell factory. 

However, computer units will fail, and there are 

several operations to make the system tolerant to such 

failures, as discussed in section II. 3. The first option is 

simple redundancy, in wh.ch each unit is backed by its twin, 

) 

ready to tal^e over when a malfunction is diagnosed. The 
diagnosis and switch command can be done either by a comp _er 
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elsewhere in the hierarchy, or the unit itself and its redun- 
dant twin can keep track of each other, comparing functions to 
determine malfunctions. However, the possibility of conflict 
between the two may require another redundant unit and majority 
rule on malfunctions. Such systems are in development today. 
One disadvantage of this option is that it requires many com- 
puters, many of which do not operate very often. 

Another option is backing up a local computer with a 
more centralized one. This requires that the centralized com- 
puter have all the functions of the local device in memory 
and sufficient data lines to take over the monitoring and 
control functions of the local computer. One disadvantage 
of this system is that several failures of local computers 
can overload a centralized computer; however, the centralized 
computer can be backed up by a more centralized computer, etc. 

A more serious drawback is that the failure of a centralized 
computer leaves the local computers without backup. 

Section II. 3 has discussed the concept of distributed, 
sel f-reconf i auratinq computer systems. These can provide 
"graceful degradation’ 1 and continuity in unaffected areas 
when malfunctions do occur. The key concept is a priority 
structure which allows the system to reassign computer re- 
sources to take over the functions of malfunctioning units. 

The significant advance over the state-of-the-art is that 
any computer in the network can be reprogrammed to take over 

at least some of the functions of any other computer. 

11.20 



This can be done by assigning each computer unit two 
types of functions. The first are "kernel functions," those 
functions required for the normal operation of the unit. For 
example, microprocessor A2 in Fig. II. 1 has kernel functions 
which handle the monitoring and control of the DV of silicon 
in production strip A. These kernel functions are performed 
under any circumstances, provided that microprocessor A2 is 
not defective (however, the kernel functions can be reprogrammed 
to adjust production requirements). The second types of func- 
tions in the unit are those occasionally inserted to operate 
on other sections of the factory; in other words, the unit has 
extra capacity and capability beyond that required for its 
kernel functions, and that extra computation power can be 
loaded with other functions used to fill in for malfunctioning 
units. 

Several examples from Fig- II .1 can illustrate the 
possibilities of such a system. Example 1: Microprocessor 

A3 malfunctions; strip host A diagnoses malfunction, ta‘:~ 

A3 off-line, takes the proper functions of A3 from its memory, 
loads half of those func*".’. into A1 and half into A2 , and 
commands both of these u i. . . s to time-share the running of 
A3‘s machine with their own kernel functions. After these 
steps, the strip host sends a request for repair either to 
the section control or to the repair systems, and returns to 
normal operations. The mi croprocessors Ai and A2 do their 

kernel functions and A 3 1 s functions as well. 
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Example 2: Here again, microprocessor A3 malfunctions. 

Strip host A takes A3 off-line. Rather than reprogramming A1 
and A2 as in Example 1, strip host A requests assistance from 
section control. Section control commands strip host B to 
program microprocessor B3 to time-share its kernel functions 
between its own machine and A3's machine. Since B3's and 
A3's kernel functions are the same, B3's capability is suf- 
ficient to run both machines. After these commands, the 
section control schedules a repair on A3 end return to normal 
operations. Strip hosts A and B return to normal operations 
also, except that they route information between A3's machine 
and B3. 

Example 3: Here again, microprocessor A3 malfunctions. 

Strip host A takes A3 off-line and requests assistance directly 
from strip host B. Strip host B then reprograms B3 as ir. 

EAample 2. If strip host B or microprocessor B3 is toe b':sy, 
strip host A switches ' .s request to strip host C, etc. Simul- 
taneous requests from several strip hosts (though unlikely) 
are arbitered by section control. 

Example 4: Strip host B malfunctions. Section Control 

diagnoses this and takes strip host B off-line. Section con- 
trol can then either: program microprocessors B1 , B2,... to 
take over their strip host's functions; or program strip 
hosts A and C to time-share their strip host kernel functions 
to fill in for strip host B; or program other computers 
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(microprocessors, strip hosts, section control computers) in 
some combination to take over the functions of strip host B. 
Section control then schedules repair for the damaged unit. 

As these examples show, the distributed control system 
has the ability to reassign the functions of any damaged unit 
or units to other computers in the hierarchy. The system is 
therefore very damage- tol erant. However, this requires the 
~dility to route data and commands from any unit to any other. 
The traditional method to do this is to provide a communication 
line between each pair of devices. On the scale of the solar 
cell factory system, this would require an enormous number of 
data lines. A more advanced approach is to provide a smaller 
number of trunk lines and switchboard systems to route the 
information. The trunk lines need not be wires, but can use 
microwaves or lasers instead. This option is currently used 
by the telephone company for long-distance calls. A disad- 
vantage of this option is that switchboards are slow and can 
be overloaded. One option to eliminate some switchboard 
systems is to attach an identification code to each trans- 
mission and send it over common data lines to all units (or 
a large group of units). The code cues the destination unit 
to absorb the transmission. The other units ignore the data. 
This concept requires multiplexing the data lines to keep 
units from sending simultaneous messages. This in turn re- 
quires a common clock for all the units, and a set order of 
time increments allocated for sending. The number of messages 
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sent by all the units then sizes how many units can be on 
the same trunk line. Also* centralized computers can allocate 
extra sending time to local computers requiring assistance. 
Systems of this type are currently in development (Ref. 19). 

Another advantage of the distributed control concept 
is that test functions on computers can be applied by any 
other computer or group of computers. Therefore even the 
sophisticated factory control computers can be monitored by 
the less centralized devices. 
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APPENDIX 


COMPUTER PROGRAM LISTINGS AND 
OUTPUTS 



A. 1 : PROGRAM SMFCOST 

(LINE ITEM COSTING OF SMF) 


LISTING 

DATA 

OUTPUT 


A2 




c »**+*, + ****«*•******♦♦♦ +**+****♦*+#***♦+*#**+**♦* ******«**#*+****+*+*t*5nF0C(} 10 

C* USE ITEM COSTING PROGRAM FOE A SPACE BANUFAtTUblNG FACILITI SKF00020 

C* DEVELOPED UNDER CC NTEACT TO THE NASA OAftSHALL SPACE FLIGHT CENTER SKF00030 

C* E.I.T. SPACE SYSTEMS LAB S9F00040 

C* SPP00050 

C* CAFID L. AKIN MARCH 13, 1979 SRF00060 

£**#***#*#*#•»•**+#***#♦****##*#*♦##*******♦♦* *««**********************«S{lF0QQ7O 


C* 

c* 


c** 

c* 

c» 

c*- 

c* 

c* 
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c* 

c* 
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c* 

c* 

c* 

c* 

c* 

c» 

C* 

c* 

c* 

c* 

c* 

c* 

c*- 

c* 

c* 


PEE FOBS INITIAL HOUSEKEEPING 
IMPLICIT ft FA I (K, L, f » N) 

DIMENSION COSTS ( 10,60) # S0BH (7,60) , TOTALS (12) ,BANDD (4) , ?BOC (4) 
♦TITLE (20) , SOP IE (5) ,»SCFM (60) 

DIMENSION BARI (7,6C) » It AH EC (7) 

DATA COST S/600 *0 • / ,TOT ALS/12 *0* / 

»*♦#*♦**# ***♦**♦« ♦**♦*♦***♦****♦******♦•*»♦♦*♦♦+**♦♦*♦♦***♦*♦»** 

BEAD IB SISTEM P Afi AftETEBS 


BEAD IK TITLE FCE PRINTOUT BEADING 
BEAD (5,105) (TITLE (I) ,1*1,20) 


BEAD IN: 
ALPHA 
BABB 
UA3P 

HAEFAD - 
HABPBC * 
SOPEF (1) - 
SUPER (2) * 
SUPER (3)- 
SUPER{4)- 
SUPEP (5)- 


($a) 


DUTI CICLE BOLTIPLIEB 
HAE3TAT BASS (KG/FEHSOR) 

HABITAT POWER (KW/PEESON) 

UABI7AT PESEAPCH AND DEVELOPMENT COST 
HABITAT PFOCUREMENT COST ($/KG) 

ROHAN S OPE KYIS IC N OF TELEC? ERATOB (HR/REP AIR 

HUB AN S UPER VI SION OF AUTO BAT E E REPAIR 

HUB AN SUPERVISION OF EXPENDABLES REPLACEMENT 

HOB AN REPAIR OF REPLACED COMPONENTS 

DIRECT HUBAK ON-SITE REPAIR (HR/REPAIR HR) 


HE) 


BEAD ; 5 , 101 ) ALPHA, H ABB # HA Bp, HABBAD, HA 3 PRC, (SUPER (I) # I* 1 , 5 ) 

HABB AL=H AB FAD* 1CCOOOO . 

BEAE IN: 

TCARGO - CARGO TRANSPORT COST ($/KG) 

IPEHS - PERSONNEL TRANSPORT COST ( 5 /KG) 

FPACT - EBEFGEI/CT SPARES FRACTION 
UTE AIN - CREW TRAINING COST (S/PERSON) 

QTRANM - CREW TRANSPORT NASS (KG/PERSCN) 

ICHGB - CREW ROTATION RATE (TIM 25 /V BAR) 

N - LABOR K AG £ ($/HR) 

LCONSH - LIFE SUPPORT EARTH CONSUMABLES (KG/CREH-D AI) 

S - SUPPORT OVERHEAD FACTOR 

TEARS - OPERATIONAL LIFETIME OF SBF (TEARS) 

READ ( 5 , 101 ) TCARGO ,TPERS, FFACT, UTRAIN, QTBANB, XCHGM, tf, LCONSM,S, 


BEAD IN: 
BSBF 


- S8F STRUCTURE BASS (KG) 


sbfcoobo 

SBP00090 
SttFOC 100 
, SBF001 1 0 
SBF00120 
SB POO 130 
SRF00140 
♦♦♦**SHf00150 
SKF00160 
SflFQQ 1 70 
— S«iF00180 

SBFOO 190 
SBF00200 
SHF902 10 

SBFOO 220 

SBF00230 

SBF00240 

SBF00250 

SBF00260 

SKF00270 

SMF00280 

SBF00290 

SHF09300 

SBF00310 

SBF00320 

SKF00J30 

SBF00340 

SMF00350 

SBF0C360 

— SNF00370 

SRF00380 
SBF00390 
SMF00400 
SBF00410 
SBF 00420 
SHF004 30 
SHF00440 
SMF00450 
SKFO0460 
SMFOO'!7Q 
SBF 00480 
SBF00490 
YEARSSMFOOj 00 

5MP005 10 

SBP00520 

SHP00530 


A3 



c* 

psnr 

• 

SBE STBOCTUEE POWER (KW) 

SBF00S40 

c* 

CSBP 

• 

SBF STS OCT USE PBOCUSEBENT COST (S/KG) 

SBF0C550 

C* 

SXSBF 

- 

SBP STRUCTURE ZXPEBDABLES (KG/IB) 

SRF00S6O 

C* 

AtF k 

• 

SPECIFIC POWER OF POUEKPL&NT (KG/KW) 

S9F00S7O 

C* 

GCOST 

- 

CCS1 

OF PCBEBPLABT (S/KB) 

SBF00S8O 

C* 

ft 

- 

HUBEEB OP BAcaiBE TIPES IB SBP 

SBF00590 

C* 

a 


BUEDEB CF HOURS IN TEABL1 SHF OPERATIONS (HBS/TR) 

SHF00600 

C* 

APEOD 

* 

PRODUCTIVITY OP ASSEBBLT CREW (RG/CREU-HB) 

SHF006 10 

C* 

ft 


IBTEBEST RATE FOR COST D1SC0UHTIBG 

SHF00620 

c* 





SBF006 30 


BEAD (5, 

lODBSBf, 

PS HP, CSNP.EXSHF, ALFA, GCOST, K,B*APROD,B 

SBF00640 

c* 

ftftftO IH: 




oBrUvO jU 

SHF 006 60 

c* 

BANDD (I) 

- CD 

BSD COST FOB LOW TECHNOLOGY (S/KG) 

SBF00670 

c* 



- 12) 

BEDIOB TECUHOLCGT 

SBP 00 6 00 

c* 



- {3) 

HIGH TECHNOLOGY 

SBP00690 

c* 



- 14) 

ULTH A-HIGH TECHNOLOGY 

SB F 007 00 

c* 

PBOC (I) 


- (1) 

PGOCOBEBENT COST FOB LOW TECHNOLOGY (S/KG) 

SBFO07 10 

c* 



- 12) 

BEDIUH TECHNOLOGY 

SSF00720 

c* 



- 13) 

BIGB TECHNOLOGY 

SBF00730 

c* 



- (4) 

ULTRA-HIGH TECHNOLOGY 

SBF00740 

c* 





SBF007 50 


*********** **** ******************************** ******safooTJO 


c* WHITE OUT INITIAL PABAHETEBS 

C* 

UR1TE(6, 40 1) (TITLE (I) .1=1,20) 

WHITE (6. 402) TCARGO.TPEHS 
WHITE (6* 40 3) EE ACT* UTH Alt) 

WHITE (6,404) QTE AN B.XCHGB 
WHITE (6. 405) W. LCC NSB 
WRITE (6. 406) S. IE AES 
WHITE (6,407) 3SBF, PSBP 
WHITE (6, 408) CSBF.EXSHP 
WRITE (6.409) ALf A, GCOST 
WHITE (6, 4 1C) K.R 
WHITE (6. 41 1) A PECO. B 
WHITE (€* 4 17) H ACa.HADP 
WHITE (6,4 18) HABRAD.HABPRC 
DO 1 1*1,4 

1 WHITE (6. 4 19) I. E ANDO (I), I, HBOC (I) 

WHITE (6. 420) SOI EH (1) . S0PEB(2) 

WHITE (6. 4 2 1) SOPEH (3) ,S0PEH(4) 

WRIT2(6,422) SUEEB (5) 

WRITE (6,4 16) ALPHA 
INACH*IIIX (K) 

C* IN ITIAIIZE SCLAR CELL FACTOBT DOTT CTCLE (DCTOT) , AHD CALCULATE 
C* THE AVERAGE LAUNCH COSTS FOB BEPLACEHEBT PARTS 

C* 

ibun«o. 

DCTOT* 1 . 

T*TPE3S»PBACT»TCABGO* (1.-FBACT) 


SBP0Q78O 
SBF00790 
SHF00800 
SBF008 10 
S8F008 20 
SBF00830 
SBFC08 40 
SBF00850 
SBF00860 
SBF00870 
SBF00880 
SB POOS 90 
SMF00900 
SBF009 10 
SAF00920 
SBF00930 
SNP 009 40 
SBF00950 
SBF00960 
SBF00970 
SBF00980 
SBF00990 
'SAP01000 
SBPO 10 10 
SBP01020 
SBF01030 
SBF01040 
SBF01050 
SBFOIOEO 
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C»M**»»MM*«4M*M*«**H*M>MMIM*****MMOMmM»M*»MW*** 

C* BEAD IN MACHINE PARAMETERS 
C* EXPLANATION OF MACHINE PARAMETERS: 

C* Oft ~ MACHINE THBUPUT ( HOT USED) 

C* LH - OPERATING LADOE R EyUIF EM ENT (CBE8 HB/OPEBATIHG BB) 

C* EH - EARTH EXPENDABLES (KG/rfrt) 

C* OH - PBCCESS BSD COST AND SYSTEMS ISTEGBATICN (*M) 

C* Xfl - COST OP EABTH EXPENDABLES ($/KG) 

C* NH - NUHEiR OF TUIS TYPE OF OACHINE 

C* RH - SUHEEB OF CCBPCNENT TXPES 

C* 

WHITE (6# 412) 

WBITE (6,234) 

DO 4 J*1,IHACfi 

BEAD (5, 102 ) (NAME (I,J) ,1=1,7) , QH,LH,EB, Bfl,XB,NB,KH 
iaUN=IRUH*KMO 


c* 

KEEP TFACK CF PAGINATION 


IF (IRON. GT. EC) WRITE (6, 233) 


IF (IRON. GT. 50) ISON 

=0 

c* 

PBINT OUT MACHINE INPUT VARIABLES 


WRITE (6,413) (NAME (1, 
BH=BM*1C0C0C0. 

J) ,1-2,7) ,LM,E3,Xtt,BB,KM 

c* 



c* 

EXPLANATION OF ARRAY 

•costs* : 

c* 

FOR THE J (TH) HACHI KE TYPE - 

c* 



c* 

HONEECUKBJfcG COSTS: 

c* 

C0SIS(1,J) - 

RESEARCH AND CEVELOPHENT 

c* 

C0STS(2,J) - 

PROCUREMENT 

c* 

COSTS (3# J) - 

TRANSPORTATION 

c* 

COSTS (4,J) - 

PCWEBPLANT 

c* 



c* 

RECUP.P ING COSTS: 


c* 

CCS1 S (5, J) - 

OPERATING LAECE 

c* 

COSTS (6 #J) - 

EXPENDAELZS Pr.OCUBEMSNT 

c* 

COST S (7 # J) - 

EXPENDABLES TRANSPORTATION 

c* 

CCSTS(0,J) - 

REPAIR LABCF 

c* 

CCSTS {9# J) - 

REPAIR FARTS FROCUEEHENT 

c* 

COSTS ( 10 # J) - 

REPAIR PARTS TRANSPORTATION 

c* 



c* 




ICOMP=IFIX (KM) 

PRC C= 1 • 

PROD 1=1. 

C* 

C* BEAD IN COMPONENT FABAMETEES FOB EACH MACHINE 
C* EXPLANATION CF COMPONENT PARAMETERS: 

C* NC - NUKEER OF THIS TYPE OF COMPONENT 

C* MC - HASS OF INDIVIDUAL COMPONENT (KG) 

C* PC - POWER OF INEIVIDUAL COMPONENT (KW) 

C* CCC - COMPONENT COMPLEXITY CODE (1-4) 

C* DC - DUTY CYCLE (&) 

C* LRC - REPAIR CODE (1-5) 


SRF01070 
SNF01080 
SHF01090 
SMF01100 
SBF011 10 
SMF01120 
SHF01130 
SBF01140 
SMF01150 
SHF01160 
SHP01170 
SRF01180 
5HF01190 
SBP01200 
SHF012IO 
SBF01220 
SMF01230 
SHF01240 
S0FO125O 
SMF01260 
SHF01270 
SMP01280 
SMF01290 
SNF01300 
SHF01310 
SMF01320 
SHF01330 
SMF01340 
SMF01350 
SHF01360 
SRF01370 
SHF01380 
SHF01390 
SHF01400 
SBF014 1 0 
SHP01420 
SMF01430 
SMFO 1440 
SMF01450 
SHP01460 
SHF01470 
SHF01480 
SHF01490 
SBF01500 
•SMFO 15 10 
SHP01S20 
SRF01530 
SMFO 1540 
SHF01550 
SP.P01560 
SHF01570 
SMFO 1580 
SHF01590 
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c* 

c* 

c* 

c* 

c* 

c* 

c* 

c* 

c* 

c* 


c* 

c* 

c* 


c* 

c* 

c* 


3 

c* 

c* 

c*- 

c* 

c* 

c* 

c* 

c* 

c* 

c* 


BC - B EFIACEHENI PARIS (KG/YB) 

DO 3 1*1 , ICOHE 

BEAD (5. 102) (NAMCC(II) ,11*1,7) ,NC,HC,PC,CCC ,DC,LRC,BC 
FIND NCNBECU BRING COSTS AND EEPAIB PARAMETERS FBOH CODES (CCC 6 LBC) 
CC=HC*PROC (IFI A (CCC) ) 

LC*SUP ER (I FIX (l EC) ) 

I? (LBC. NE.5.) BC* .05*8C 

■CT= TOTAL NUHBEB CF COflfONENT TYPE IN ALL OF THIS HACHINE TYPE 
NCI=NC*HH 

APPLY 90S LIABSING COBVE IF ROBE' THAN 100 DNXTS ABE USED 
IF (HCT.GE.100.) CC*CC*NCT*»(-. 15)/(,85) 

ADJUST PBCCUEEHENT COSTS FOB HACHINE BELIAEIIITY 
CC*CC/ALPHA 

BCDIFICATXON OF DUTY CYCLE FOB VABXATXON OF PABAHETEBS 
DC 1*DC 

DC* 100. * (1.-(1. -DC/100.) *ALPI1A) 

PBXNT OUT CORPONENT PABAHETEBS AND COSTS 

HP. ITE (6, 414) (EAREC (II ) ,11*2,7) ,HC,RC,PC,CC,DC,IC,BC,CCC,LBC 
DC=CC* .01 
DC1=DC 1/ 100. 

BEGIN SUnn AT ION OF COMPONENT COST FACTORS 

COSTS{1, J)=HC*HANDE(IPTX »CCC) ) *CCSTS (1,J) 

COSTS (2, J) =CC* J'C *COST c - (?,J) 

COSTS(3,J)*!'r^M , 'fCOS£S 13, J) 

COSTS (3, J) = M -DC) »LC *NC tCOSTS (8 , J) 

COSTS (9, J) =RC*CC*NC/RC*COSTS (9, J) 

COSTS MO, J)=EC*NC ♦COSTS (10, J) 

COSIS(4,J)=PC*NC*COSTS (4,J) 

RULTirtY COBPONENT FAILURE PBOBABILITIES TO FIND HACHINE DOTY CYC. 
IF (NC.LT.1.) GO TO 3 

PP.OD1 = PROD 1* (1,- (1 .-DC1) ♦♦ (AHIN 1 (3..NC) ) ) 

PBCD = PRCD *(1.- ( 1 .-DC) ** ( AHIN 1 (3. ,NC) )) 

CONTINUE 

END COHPONENT READ-IN LOOP 


DH*PBOD 

ADJUST CCHPCNENT R6D COSTS FOR RELIABILTY BEQUIBEHENTS, AND ADD 
PROCESS AND SYSTZMS INTEGRATION KG D COSTS 
COSTS ( 1, J) =COSTS (1 ,J)/ALPHA^BH 
ASSOHE NO HACHINE MOULD HAVE A DUTY CYCLE LESS TUAN SOX 
IF (DH.LT..S) D3=. 5 

CALCULATE COST ELEMENTS 

WORKLOAD INCREASE FACTOR DUE TO HACHINE DOWNTIME 


SHP01600 
SR f0 16 10 
SHF01620 
SBF01630 
SHF01640 
SHF016S0 
SHF01660 
SRF01670 
SHF01680 
SBF01690 
SHF01700 
SHP01710 
SHF017 20 
SHF01730 
SHF01740 
SHF01750 
SHF01760 
SMF01770 
SHF01780 
SHP0f790 
SHF01300 
SHF018 10 
SRF01820 
SRF01830 
SRF01340 
SHF01850 
SRF01860 
SHF01870 
SBP01880 
SHF01890 
SHF01900 
SHF019 10 
SRF01920 
SBF01930 
SflFO 1940 
SHP01950 
SflFO 19 60 
SBP01970 
SflFO 1980 
SBF01990 
SRF02000 
SHF 020 1 0 
SMF020 20 
SHF02030 
SHF02040 
SHF02050 
SflP020oO 
SMF02070 
SBF02080 
SHF020 SO 
SHP02100 
SflFO 2 1 10 
SNP021 20 
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c* 

c* 


c* 

c* 

c* 


c* 


2 

C* 

0 


c* 

c* 

c* 


c* 

c* 


F ACTOft = PFOP 1/C M 

REVISE NUMBER CF MACHINES TO MAINTAIN THBUPOT 
NM = KM* FACTOR 

KEEP TRACK CF TCTAL DOIT CTCLE CF SOLAR CELL FACTOHT 
NSCFM (J ) -UH 

M B ITE (6,23 0) CM, b M, COSTS ( 1.J) 

IF (J.LE.14) CCTOT=DCTOT*CM 
IF (J. lit. 18) GC TC 8 

ADJUST NUMBER OF SOLAR CELL 5TFIPS TO MEET TOTAL SCF DOT! CICLE 
SEQUIP EMI.'ITS , AND TO FORM AN INTEGER NOMBEE OF SECTORS 
(14 ST RIPS/S ECTOR) 

NM= 14. *FLO AT (IF IX (246./ (DCTOT* 14. ) ♦. 965 ) ) 

WRITE ( 6, 423) NM,ECTOT 
WRITE (6,233) 

I R U N = 0 

ADJUST SOLAR CELL COSTS FOB BEVISED NUMBER OP STBIPS 
DO 2 J2= 1, 17 

COSTS (2, J2) =CCST S (2, J2) * NH/NSCFN (J2) 

COSTS (3, J2) = CCSTS (3, J 2) • Sfl/NSCFM (J2) 

COSTS (5, J2) =CCS1S (S,J2) *NM/NSCFN (J2) 

COST5(6, J2)=C0S1S (6,J2)*NM/NSCFN (J2) 

COSTS {■’, J2)=CCSTS (7,J2) *HM/NSCFH (J2) 

COSTS (0.J2) -COSTS(8,J2)* HM/NSCFH (J2) 

COSTS (9, J2) =COSTS (9,o2) *NM/NSCFH (J 2) 

COSTS ( 1C.J2) -COSTS (10, J 2) *NM/NSCPN (J2) 

PER FCH 1 FINAL COST ACCOUNTING FOR THIS MACHINE 
CCSTS ( 5, J ) =Di1*Li1*NiI*ll* W 
COSTS (6,J) = XN*E N*DM>NM*ti 
COSTS (7,J) = tP*C«*UK*li*TCA5GJ 
COSTS (2, J) =CCS75 ( 2 , J ) *NM 
COSTS (3, _) =COST S (3 , J) * RM*TC ARGO 
CCSTS (6 , J) -COSTS ( 8 , J) *N.T*H*W 
COSTS (9, J) -COSTS (9, J) * AM 
COSTS ( 10, J) = COSTS ( 10, J) *:1M*T 

CCSTS (4 , J) =C O ST 5 (4 ,J) *NM*DM* (GCOST*ALPA*T~ SGO) 

SUN CECURR ING ANC NONRECURRING COSTS FOR EACH MACHINE 

SUrt.N (1 ,J) = COSTS (1,J) ♦ C OS T S (2, J) *COS7S{3, J) ♦CCS T S (4,J) 

SUMM(2,J) =COSIS(5,J) ♦CCS1S(6,J) +COSTS(7,J) tCOSTS (8,J)*COSTS (9,J)* 
*COSTS ( 10, J) 


SMF021 30 

SF.F02140 

SNF021 1/ ‘ 

SHFO, 

SMFr J 

SMF( 80 

SMF02 =30 

SMF02200 

SS 5022 10 

SMF02220 

SMF02230 

SMF02240 

SHF02250 

SMP02260 

SMF02270 

SHF02280 

SMF02290 

SMF02300 

SH/02310 

SMF02320 

SMF02330 

SSF02340 

SMF02350 

S.NF02360 

SMF02370 

SMF02380 

SMFO2390 

SHF 024 00 

StlFO 24 10 

SKF02U20 

SMF02430 

SHF02440 

SAP024S0 

SBF02460 

SMF02470 

SMP02480 

SMP02490 

StlFO 2500 

SMP02510 

St] FO 2520 

SMF02530 

SMF02540 

SMP02550 


END MACHINE FtAC-IN LOOT 

£••♦•*••»**»»»«*«»♦♦**♦**♦******#****♦***♦****** w****i.*****#*********#*#S3j' 02560 
C* PRINT OUT NONRECURRING COST TABLE SMP02570 

C* 5MF02580 

WFlTI(o,201) SMF02590 

CO 5 J=1,It!ACH SMP02600 

WFITF(6,20 2) (NAME (I, J) ,1=2,7) , (CCSTS (I,J) ,1*1,4) , STMM (1 , J) StlFO 26 10 

c ******* ********************************** *****m******************,****m*sn?0Z(, 20 

S MF02630 
SHF02640 
SMF02650 


C* FIND TOTAL COSTS BROKEN DOWN BY COST ELEMENT 

C* 

TOTALS ( 1 1) ^TOTALS (11) ♦SUHH (1, J) 
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TOTALS (12) -TOTALS (12) ♦SUBB (2,J) SNF02660 

IF (J. EC. 30) HfiITE(6, 231) S8F02670 

DO 5 1=1. 10 SJ.F026 GO 

5 TOTALS (1) =TOTALS(I) ♦COSTS (I.J) SBF02690 

HPITE (6, 205) (TCTALS(I) ,1 = 1,4) .TOTALS (11) S"F02700 

€•••****♦♦***♦**♦*♦**•*»***♦ ** **************** **********r****************;;r i ?o 2/ 10 

C* FBI NT OUT RECURRING COST TABLE SSFJ27 20 

C* SNF02730 

HPIIE(6, 203) SBF02740 

DO 6 J= 1, IBACH SBP02750 

HBITE (6, 204) (NANE(I.J) ,1=2,7) , (COSTS (I.J) ,2=5,10) ,S3BB(2,J) SBF02760 

IF (J.EQ.30) HBITE (6, 232) SBF0277P 

6 CONTINUE IB/07780 

HBITE (6, 206) (TOTALS (I) ,1=5,10) ,TOTALS(12) S3F02790 

C* BEGIN TYEING 5UEEA8Y PAGE SNF023C9 

UEITE (6, 209) TOTALS (11) **028 '0 

HBITE (6,210) TCTAIS (12) SBFOei. 20 

C******* ********************** ****••*•*«***«* *«*««*************« v *':.**«**S ; ^eO;>q3Q 

C* FIND TOTAL LABCB FORCE (LTOT) , TEAELI LABOB TRANSPOBT BASS (/LABOR) SHF0.fl40 
C* AND COST (TEANSL). AND YEABLY NASS AND CCST OF CBEH CONSOBABLES SttF02t 50 

C* (HCGNSB AND 1RANSC) SBF02E60 

C* SNF028 7 0 

C* FIND TOTAL PRODUCTION BASS (.IP ROOT) , POHEB (PPBODT), AND SNP028E0 

C* IADCE ( L PEC CT) SBF02890 

BPBODT=TOTALS (3) /TCARGO SBF02900 

HEITE (6, 2 1 1) KFFCCT SNF02910 

PPSODT=TOT AL5 (4)/ (GCuST»ALFA*TCAEGO) SBF02920 

WHITE (6,2 12) FPfCCT SMF02930 

L?f CCT= (TCTA LS (5) ♦TOTALS (8) ) / (H*W) *3. SMF029 40 

HEITE ( 6, 2 1 2) LPEOCT SBF02950 

C M*«M**MMMMMMMMM«MM»MM»M*««*****M***M*M«M»**t*****t SBF02960 
LTOI=S *LPECCT SBF02970 

BLABOr=LTOT*QTEANB*XCBG3 SBF02980 

TEANSl=tlAECB*TEEPS SBF02990 

aCGNSr.=LCCNSK* 36 5. *LTOT SHF03000 

THAMSC=HCClSH*TCABGO SBF03C10 

HEITE (6, 21 4) HOT SBF03020 

VEIT 2(6,215) PLAUCE.BCCNSa SBF03030 

HEITE (6, 2 16) TEANSL, TEANSC SBF03040 

C******************* ******* ***********»********************#************ s;l F030 50 
C* FIND YEAPLY TRAINING COSTS (CTRAIN), H1GES OF SUPPOBT CBEH (HSOP) , SMF03060 

C* AND EXPENDABLES TRANSPOBT COST FOR TBE SHF STBUCTUBE (CEXSBF) SHF03O70 

C* SBP03C8' 

CTB AIH = UTE AINM.TOI SBF0309 

HRITE(6,217)CTBAIN SBP031C 

HSUP = L?BODT* (S- 1. ) *H*H SBF031 1u 

HEITE(b,216) HSUP SNF03120 

CEXSHE=EXSHF*TCAEGO SBF03130 

WRITE (6.22C)CEXSBF SBF03140 

c **«**a ••*«*«•*•*•***••*** ********* *♦**•*•**♦* ************************** snf0 3 150 
C* FIND HABITAT HASS (BHAB), TRANSPORT COST (THAB), INITIAL COST SBP03160 

C* (CHAB), POWER (PIIAD), AND POHEB COST (PC BAB) SBF03170 

C* SBP03180 


•^•GIUML ftMi fi 
Of poogt (jfMygg 
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BI1AE = HAEB»1TCT 
Hi AB=TC AFGC* 3 H A8 
CHAE=HAFSAE*l'RA8*IiADPBC 
PHAB=ll AEP*LTC1 

PCU A B- (GCOSr+AlFA *TC A RGO ) ♦PHAB 
Upnt(6,22£) BHAB.PHAB 
WRITE (6,229) CHAB.T HAB , PCH AB 
PTOT=PPRODT*ESBE+PHAB 


SBF03190 

SBF03200 

SBF03210 

SBF03220 

SBF03230 

SBF03240 

SHP03250 

S.“' ? 03260 


C*****»» ♦*♦♦♦*♦*♦*♦♦*♦***** **********#******•♦♦*****♦**********#***#*** *_'») -0 3270 


C* FIND TOTAL SBF EC WEB (PTOT) AND fiASS (MOT) , ANP P8CC0HEBENT COST S.’.F03280 

C* FOR TBE SO N RRCDUCTI C N SHF (STROCTOEE, ATTITUDE CONTROLS, ETC.) 5HF03290 

C* SBFO3300 

■’iTCT 3 BPRCDT*RS RF* PTOT* ALFA* HHAB SBF03310 

CISMF=CSBF*.1S3F SBF03320 

WhlTE (o,219)CTSHF Sf)P03:30 

WRITE (6,22 1) BIOT, PTOT SHFC3340 




C* FIND NONPRODUCTICN SBF TEANSPOBT COST (SBFSTC) AND POWEB COST S3F03360 

C* (PWECST) SBF0337 0 

C* SBP03380 

SBFSTC= (BSBF+PSBP*ALFA) *TCABGO SBF03390 

WRITE (6, 222) SEFSTC SBF03400 

PWRCST=PSBr*GCCST SBF03410 

WRITE (6,223) EWFCST SBF03420 


C ;****«»•*****♦♦ ♦#*♦*****• *»**,»**♦ «•*«*•*******, ««**«* #♦»*****♦♦**** s-pf, 34 30 


C* FIN'. S IF SET-UP CREW SIZE (PSETUP) AND COST (DSETOP) 

C* 

PSET0?=BTCT/ (6000. *APRCD) 

DS ETU ? = ESETU E* (W*6000 . ♦UTKAIN+12S0 .•LC0NSfl*TCABG0-*XCHGM*TPERS*4. } 
WRITE (6, 224) CSETU?,?SETU? 

£*•*•*• **•**♦♦***.*♦♦*♦***♦*** *************** *************************** 

C* FIND COST TOTALS: DIRECT NONRECURRING (CCIENR) 

C* DIRECT RECUERING (CDIERC) 

C* INDIRECT NCNR ECURF. IN G (CINCNB) 

C* INDIRECT RECURRING (CINDBC) 

C* 

CDIP NR=10TALS (11) 

CDir PC=TCTALS ( 17) 

CINDtiri = ClSMF»S.iFSTC*PWRCST*DSETUP*CHAB + THAB*PCHkD 
CINDKC=CEXS.'iF'*USU t "T P AI N*IRA NSL*TP AN SC 
WRITE (6,226) CCIENR "D T SHC,CINDNR,CJSDHC 



C* FIND TOTAL RECURRING AND NCNRECURRING COSTS (CBC AND CNB) AND 
C* USE COST DISCOUNTING TO FIND SB? LIFE CTCLE COSTS (LIPCTC) 

C* AND DISCOUNTED AVERAGE S PS COSTS (SPSCST) 

C* 

CNR=COIRNE*CINDNB 
CRC=CD I R PC *C I MEC 
U I SC N 1 = 0 . 

IYRS=IFIX (i EARS) 

DO 7 I=1,IYRS 

7 0ISCN7=DISCNT4 (1. *F) *• (-1) 

EC EC - C NP*CPC*DISCNT 


SBF03440 
SBF03450 
SBP0346'' 
S3P0 347 : 
SKF03480 
S B F 0 3 4 D 0 
SBF03500 
SBF03510 
SBP03520 
SBF03530 
SBF03540 
SBF03550 
SBF03560 
S3P03570 
SBF03530 
S3P03S90 
S.1F03600 
SBF 0 36 10 
SBF 0 36 20 
SBFP3630 
SBF03640 
SBF03650 
SB FO 36 60 
SBF03670 
SBF03680 
SBP03690 
SBP03700 
SBF037 10 
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SPSCST=LIFCTC/1£ABS SNF03720 

WHITE (6,226) HFCTC SSF03730 

VEITE(6, 227) SPSCST SJ1F03740 

c **#***«*»***» **»*•«**«***«********•***•*»•«*•*•*•*#***««**#*•**** *«***« snF 037SO 

STOP SHF03760 


C****** •**••**•****«***♦#*•# ********************************* »*«****«***snF0 37 70 


C* FOBaAI STATEBEHTS 

C* 

107 FCE3AT (1CFB.3) 

102 FCBHAT(A1,5A4, A3,7P8. 3) 

103 FOB SAT (SF8.3) 

104 FCBHAT (6F8.0) 

105 FOEBAT (2CA4) 

201 FCEMA7(1U1///3CX.*$E$$M$* NONE ECUSEING COSTS $S$S$$$S*/ 

♦T32, *8 6 B' ,T44,'P60CUREHENT* ,T60, *TBABSPOET',T78, 'POWEB* ,T92, 
♦•TOTALS’/) 

202 FOEHAI (1X,5A4,A3,7F15.0) 

203 POEMAT (111 1///4CX, *$$$$$$ t$ EECUF.PIBG COSTS $$S $$$$$•// 

♦T3 1. ’OrEP. ATI NG • ,T53, J EXPENDABLES*, T9 2, 'EEPAIB • ,T 122, 'TOTALS*/ 
♦T33, 'LABOR • , 1 45, ’PEOCUPEHEN? • ,T6 1 , *TE ANSPCBT* ,T79, * LABOR* , 
♦T90,’PFCCUREfiEST’,T105, * TRANSPORT'/) 

2C4 FCEflAT(lX,5A4,A3,7F15.0) 

205 FORHAT </10X,*TCTALS',8X, 5F15,0) 

206 FOFRAT (/ 1 CX, ’TOTALS*. 8X.7F15.0) 

209 FORHAT (IHI.’TCTAL DIRECT NON- RECUR RING COST =$*,F12.0) 

210 FORHAT (* TOTAL DIRECT RECURRING COST =$*,F12.C) 

211 FORHAT </* TOTAL DIRECT PRODUCTION HASS (KG) =*,F1C.O) 

212 FORHAT (’ TOTAL DIRECT PHOCUCTION POWER (KK) = *,F10.0) 

213 FORHAT (• TOTAL DIRECT PRODUCTION CREW = *,F6.0, • PEOPLE* ) 

214 FORHAT (/* TOTAL SHF CREW = ’,F6.C) 

215 FORHAT (' CBEW TRANSPORT HASS = *,F8.0, • KG, CONSUHABLE HASS = * 

♦ F0 .0 , ’ KG') 

216 FORMAT (’ CREW TRANSPORT COST=$* , F1 1. 0, * CCBSUH A8LES COST=',F11. 

217 FOKHAT (/* CREW TRAINING COSTS =$',F11.0) 

218 FOF.HAT (' SUPECRT CREW WAGES =$*,F11.0) 

219 FOi.HAT (* NCNFECUEEIMG COST OF NONPROCOCTION SHF «$*, FIO.O) 

220 FORMAT (’ S'JPECRT EXPENDABLES TRANSPORT COST =$*,P10. 0) 

221 FCF.HAT (/* TOTAL SHP HASS (KG) = *, FIO.O 
♦/’ TOTAL SBF POWER (KW) * *,F8.0) 

222 EOF MAT (/* SMF SUt.OKT TRANSPORT COST =S*, FIO.O) 

2"*3 FORMAT (• SMF SUPPORT POKER CCST =$’, FIO.O) 

224 FORHnX (/* SETUP COSTS =$*,F9.0,* FOR *,F5.C,* PEOPLE*) 

225 FORMAT (/// 10 X ,'1111531$ DIRECT COSTS: NONRECURRING =$*,F12.0 

♦ RECURRING = $ • , P 12, C// 10X, 

*’$i2ti$$$ INDIRECT COSTS: NCNEECUEHIUG =$*,F12.0,*, RECURRING 
* ♦, F 1 2. 0) 

226 FOFHAT (// 1 0T , ' SMF LIFE CICLE COSTS=S *, P 14. 0) 

227 PCRSAT (/ m, • ISSiSSRS DISCOUNTED AVERAGE SPS COST=$* ,P12. 0) 

228 POT M AT (/ * HABITAT HASS (KG) = ’, FIO.O/ 

♦ • HABITAT tG W EE (KW) = FIO.O) 

229 FORMAT (• R&D AND PROCUREMENT CCST CP HABITAT ($) = *,P12.0/ 

♦• TRANSPORT COST OF HAEITAT {$) = ’,P12.0/ 

♦ • rr-'E R COST OP HABITAT ($) = *,F12. 0) 


SHF03780 
SMP03790 
SHFC3600 
SNF03810 
SHF03820 
SHF03830 
SHF03840 
SHF03850 
SHF03860 
SHF03870 
SHF03880 
SHF.03890 
SHF03900 
SHF03910 
SHF03920 
SHP03930 
SNF03940 
SHP03950 
SHF03960 
SHF02970 
SHF03980 
SMF03S90 
SHF04000 
SJ1F04010 
, SHF04020 

SHF040 30 
0) SHP04Q40 
SHF04050 
SHF04060 
SHF04070 
SHF04Q80 
SRF04090 
SHF04100 
SHF041 10 
SHF04 • 20 
SMF04130 
, SnF04l40 
SHP04150 
*$*SKF041 60 
SHF04170 
SMP04180 
SHF04190 
SHPC4200 
SHF04210 
SHF04220 
SMP04230 
SBF04240 


AT 0 



230 

231 

232 

233 

234 
401 


402 

403 

404 

405 

406 

407 
408 

409 

410 

411 

412 
4 14 

413 

415 

416 

417 

418 

419 

420 


FORMA? (25X # *DUTY CYCLE * REFUSING • # F6.0, # HACHIK ES • # SNF04250 

♦SX,*RSr = $*. 112,0) SMF04260 

FCCM AT |1 H 1///30X t • $%£%$$$$ NC HR ECU ER 1NG COSTS (CONT.) $!$$${$$•// SMF0427Q 

♦ T3 2, # F 6 D *,T 44, •PHCCUrtWEN T* ,T60, *TK ANSTOKT* # T78,*PCWEH* ,T92, SMF04280 

♦•TOTALS*/) SMF04290 

FORMAT ( 1 It 1/// 4 GX, *|Si$$55$ RECURRING COS1S (CONT.) $$$$$$%$'// SMF04300 

♦ 731, •OPERATING* # T53, * EXPENDABLES', 792, * H EP AI ft • ,T 1 22, •TOTALS*/ SMP043 10 

♦ 13 3, • LABOR * ,14*,* PROCUREMENT* ,T61, 'TRANSPORT* , T79 , • LABOR « , SMF04 3 20 

♦ T 90, • PFCCUF ha E NT* ,T 10 5,* TRANSPORT*/) SMF043 30 

FORMAT <1H 1,T38, • N UflB E R • , T50, *MASS* ,Tb2, • POKER* # T70, • PBOCORErtEHT* , SMFC434Q 

♦784, • DUTY CYC* ,T97,*FrP. I ABCR * ,T 1 10 , * PARTS*,T117 # *CCC* ,7123, , LBC* SMFC4350 
♦/) SMF04360 

FORMAT {T38,» NUMBEF *,7 50, ‘ tSS * * T6 2, • POW BE • , T7Q, • PFOCORES ENT # , SMF 0437 0 

♦T84, *DUTY CYC* , 197 , * R EP* LABOR # ,T110,*PARTS* ,T 1 17 , * CCC f , T1 23 , # LRC* SMPC43 80 
♦/) SMF04390 

FCFMAT (1111, 51X, ’SPACE MANUFACTURING FACILITY SMF04400 

♦/53X,*LIHE ITLH COSTING PROGRAM* SMF04410 

♦ /SOX, * tt« 1 • 1 • SPACE SYSTEMS LAEOPATORT* SMF04420 

♦///5ix,*n;ru? VARIABLE SPECIFICATION V/20X,2QA4 SMF04430 

♦ // 1C X , • SM F GLCEAL PARAMETERS:*/) SMFC4440 

FOR M AT (* CAP CO TRANSPORT COST l$/KC) =*,F6.0, SMF04450 

♦T50, ’PERSONS EL TRANSPORT COST ($/N^) **,Fb.O) SMP04460 

FOI.1AV (* PAYLOAD FRACTION CN PERSONNEL SHIPS = »,F6.2, SMF04U70 

♦TfO, •TRAINING COST (i/PERSON) -*,F8,0) SMF04480 

FORMAT <• CREW TRANSPCRT MASS (KG/PERSON) = f ,Pb.O, SMF04490 

♦ ISO, ’CREW f OT AT 10 N FATE (TlMES/YLAR) = # ,Fb*1) SMF04500 

FC f M AT [ * OTJW WAGE (i/ILH) = ’,F7.2, SMF045 10 

♦ T‘ , ’CONSUMABLES FLOW RATE ( K G/P ER SO N- D AY ) -*,F6.2) SMF04520 

t'Ci M AT (• Si!; PORT OVs-RHEAE FACTOR =’,F5. 1, SMF04530 

♦T50, *SMF C PUPATION AS PERIOD (Y3S) *’,F6.0) SMF04540 

FORMAT (* S “ F NCNPi ODU CTICN MASS (KG) **,F8.0, SMF04550 

♦T SC , ' S M E HCSFFCCUCTION POWER (KW) =*,F8.0) SMF04560 

FCFMAT {* SMF NC NPRCDU CT IC N COST [$) =*,F8.0, SMF04570 

♦TSJ,’SMF NCNPROCUCriON EXPENDABLES (KG/YR) - # ,F8.0) SMF04580 

FORMAT £ • POWER PLANT SPECIFIC MASS ( KG/KW) =»*,F6,0, SMF04590 

♦ 250# * POW E R PL A M PROCUREMENT COST (5/K W) =*,P6.G) SMF04600 

FORMAT ( * NUMBER CF MACHINES IN S Mr = ’,?5,0, SMF04610 

♦ TSO, # PRCCUCriCN HOUFS/YKAF =*,Fb*Q) SMFC4620 

FORMAT ( ' ASSEMBLY PRODUCTIVITY ( KG/PERSC N- HR) *»,F6. 1, SMF04630 

♦TSJ, *CC*jI DISCOUNTING RATE - • , P5 • 2) SMFC464Q 

FORMAT (1H1//10X, •MACHINE * NO CO MFC NS NT PAP AMETZH S ; •) SMF04650 

El CM,' r (HX , 5 A 4, A3, 7E 1 2. 2, 2 (2X, F3.C) ) SMF0 4b60 

FORMAT (/IX, S A4 , A3.7X, • LAPOK * * , FH* 3, 71 , • EX PFMD* * i ,F8,3, SMF04670 

♦ ' KG/IIR AT S # ,E5.G, '/KG COMPONENTS =* f ,F5.1) SME04b80 

FCl MAT (Ed, j) SRF 04b 90 

FORMAT ( * CUT! CYCLE MULTIPLIER = ’,F8.3) SMF04700 

FCL M AT ( • HABITAT MATS (KG/FERSCN) = ’,F7.0, SMF04710 

♦ T5C, ABIT Ai rent R (KW/PERSON) - *,Fb.1) SMF04720 

FORMAT ( * HABITAT RSI) (3M) - *,F12.2, SMF04730 

♦ T*G,MIABI1AT FIuCURMfcNT ( S/KG) = ’,F7.1) SMF04740 

FORMAT { 1 l £ D , LEVEL *,I1,’ = 3 * , F 7. 0 , * /KG • , SHF04750 

♦ISO , ’PROCUREMENT, LEVEL ',11,* = $ • , P6 . 0 , * /KG* ) SMP04760 

FOR B AT ( * HUMAN SUPERVISION (HP/HR DOWN):*/ SHF04770 



♦T20 # *TELECPE RAICH BEf AIB * • ,P7. 3, SRF04780 

♦ T60, *CBAWLEH/AUTOH ATIC H EPAIB - »,F?.3) SHP04790 

421 PC E BAT (T20 # *CBAULEB/SCU£ DOLED BEPLACENENT » *,P7.3 # SBF04800 

♦T60, •CEABLER/HOBAN REPAID ■ *,F7.3) SHF048 10 

422 FOBBAT |T20»* BAMOAL REPAIR ■’•»F7.3) SNP04820 

423 FOBBAT (///SI* 'ALL ABOMI BACHIMES HAVE BEER COBBECTED TO FOBB SBP04830 

♦F6.0,» STB IPS REEDED FCB SOLAB CELL FACTCBZ DOTE CICLE OF *«F6.4) SBP04840 

EBB SBF04850 
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BASELINE S«F CASE: Y SPS PBODUCEE/Y EAB, AUTOHATIC BEPAIB OF SCF BACBXNEBT 


1. 30 MO, 9. 

377. 

100. 

.25 

. 1 

.05 

.5 

1. 

100. 450. .1 

50000. 

100. 

4. 

34.34 

.03 

2. 

20. 

2CC0CC0. 1000. 25. 

0. 

10. 

2000. 

60. 

8766. 

300 • 

. 1 

500# 5C00. 20000. 

100000. 

so. 

500. 

2000. 

10000. 



HTHERHAL BELT 

0. 

0# 

.005 

10. 

20. 

246. 

4. 

CCOPPEK BELT 

1. 

4000. 

0. 

2. 

99.9 

1. 

200. 

CHOTOR AND CRIVE 

1. 

1000. 

20. 

2 . 

99.9 

1. 

50. 

CEND ROLLERS 

2. 

50. 

0. 

2. 

99.9 

1. 

2.5 

OTHER BA L CONTROL 

1. 

200. 

20. 

3. 

99.9 

1. 

10. 

HD? OF AL REAR CONTACT 

0. 

0. 

.005 

10. 

10. 

246. 

7. 

CEB GUN 

2# 

20. 

3. 1 

3. 

99. 9 

2. 

1. 

CPILA BENT MAGAZINE 

2. 

.04 

0. 

2. 

99.9 

3. 

.4 

CSLAB FEEDER 

2. 

50. 

.01 

3. 

9S.9 

2 * 

2.5 

CPANEL RAFFLES 

1. 

.05 

0. 

1 . 

99.9 

* 

4. 

CSICE BAFFLE 

# 14 

1. 

0. 

1. 

99. 9 

3. 

40. 

CS1DE BAFFLE GUIDE 

.14 

2 .5 

.01 

2. 

99.9 

1. 

.1 

CCCOIING SYSTEM 

1. 

52. 

.01 

3. 

99.9 

2. 

1. 

HD? OF SI AND P-DCPANT 

0. 

0. 

.005 

20. 

10. 

246. 

8. 

CEB GUN 

20. 

25. 

7.3 

3. 

99. c 

2. 

1.25 

CFILAMENT MAGAZINE 

20. 

.04 

0. 

2. 

59. 9 

3. 

. 4 

CSLAB FEEDER 

20. 

0 0. 

#01 

3 . 

99.9 

2. 

3. 

CPANEL BAFFLES 

4. 

.25 

0. 

1. 

99. 9 

3. 

80. 

CSIDE BAFFLE 

. 29 

1 . 

t. 

1 . 

99.9 

3. 

160. 

CS IDE BAFFLE GUIDE 

.29 

2. 5 

.01 

2. 

99. 9 

1. 

.15 

CDORCN ICN IlPiANTIfi 

20. 

25. 

1.75 

3. 

99.9 

2. 

1. 3 

CCOC LINS SYSTEM 

1. 

360. 

.15 

3. 

99.9 

2. 

10. 

aPULSE RECKYSTALLIZAIICNO. 

0. 

.005 

100. 

10. 

246. 

3. 

CEB GUN 


10. 

1.8 

3. 

99.9 

2. 

.5 

CPILAMENT MAGAZINE 

2! 

.04 

0. 

2. 

99.9 

3. 

.2 

C COOL IN G SYSTEM 

1. 

24. 

• 0C8 

3 . 

99.9 

2. 

1. 

HSCAN R EC BY ST A L LI Z AT ICN 

0. 

0. 

.005 

100. 

10. 

246. 

3. 

CEB GUS 

2. 

ft 

.6 

3. 

99.9 


.25 

CFILAMZNT MAGAZINE 

a • 

^04 

0. 

2. 

99.9 


. 12 

CCOCLING SYSTEM 

1. 

14. 

.003 

3 . 

99 .9 

2 

.7 

H N- DO I A NT IMPLANTATION 

0. 

C. 

.CGI 

10. 

200. 

24u. 

1. 

CPHOSPK. IGN IMPLANTER 

2. 

25. 

1.75 

3. 

99. 9 

2. 

1.3 

8 AN M AL 

0. 

0. 

.005 

10. 

10. 

246. 

3. 

CEB GUN 

2. 

5. 

• 4 

3. 

99.9 

2. 

.25 

CPILAMENT MAGAZINE 

-> 

.04 

0. 

2 . 

99.9 

3. 

. 12 

CCOCllN I SYSTEM 

1. 

14. 

.001 

3. 

99, 9 

2. 

.7 

MDV OF AL FRONT CONTACT 

0. 

0. 

.05 

10. 

10. 

246. 

9. 

CEB GUN 

4. 

10. 

1.6 

3. 

99. 9 

2. 

.5 

CFIL AMENT M AGAZ1NE 

4. 

.04 

0. 

2 . 

*9,9 

3. 

• 16 

C5LAD FELDER 

4. 

50. 

.01 

3. 

99. 9 

2. 

2.5 

CM ASK 

2. 

300. 

0. 

3 . 

99.9 

3. 

15. 

CM AS K GUIDE 6 RCLLOP 

2. 

250. 

2. 

3. 

99.9 

1. 

12.5 

CPANEL BAFFLES 

2. 

.05 

0. 

1. 

99. 9 

3. 

2. 

CSIDE BAFFLE 

# 29 

1. 

0. 

1. 

99.9 

3# 

20. 

CSIDL BAFFLE GUIDE 

.29 

2.5 

.01 

2. 

99. 9 

1. 

. 13 

CCOCLING SYSTEM 

1. 

30. 

.006 

3 . 

99.9 

2. 

1.5 

HFFCNT CONTACT SINTERINGO. 

0. 

.005 

10. 

10. 

246. 

3. 

C 1 13 GUN 

A- * 

5. 

.2 

3 . 

99.9 

2. 

.25 

CFI L A ME NT MAGAZINE 

2- 

.04 

0. 

2. 

99.9 

3. 

. 12 

CCOOLiNG SYSTEM 

1. 

14. 

.001 

3. 

99. 5 

2. 

.7 



* cell caosscat 

0. 

0. 

.005 

10. 

25. 

246 • 

4. 

•LASER 

1. 

20. 

2.5 

3. 

99.9 

2. 

1. 

KB. Lin? HAGA2INE 

1* 

.1 

0. 

3. 

94.9 

3. 

• 2 

J GUIDE BOILERS 

2. 

.5 

0. 

2. 

99.9 

2. 

• 03 

C SHIELD 

1. 

1. 

0. 

1. 

99.9 

1. 

0. 

HCELL INTERCONNECTION 

0. 

0. 

.001 

20. 

15. 

246. 

7. 

CELECTR CST ATIC HELDcB 

1. 

10. 

-5 

3. 

99.9 

2. 

• 5 

CIHTERCONNECT FEEDER 

1. 

20. 

1. 

3. 

99.9 

2. 

1. 

OINTERCC N8ECT BOIL 

1. 

15. 

0. 

2. 

99.9 

3. 

.75 

CSENSCES 

2. 

.1 

.1 

• 3. 

99.9 

4. 

.01 

* VARIABLE SPEED BCIIEBS 

4. 

• 8 

.1 

3. 

99.9 

2. 

• 2 

' HO TOE AND TRACKING 

1. 

10. 

1. 

2. 

99.9 

2. 

.5 

GUIDE ROLLEfiS 

4. 

.5 

0. 

2. 

99.9 

2. 

*01 

DV 5102 OPTICAL CCVE8 

0. 

0. 

• 01 

100. 

10. 

246. 

13. 

EB GUN 

30* 

25. 

7. 

3. 

99.9 

2. 

1.25 

C. FI LA HE NT HAGAZINE 

30* 

.04 

0. 

2. 

99.9 

3. 

.44 

CSL&O FEEDER 

30. 

60. 

• 01 

3. 

99.9 

2. 

3. 

CBASKISG DEVICE 

1. 

50. 

1. 

3. 

99.9 

2. 

2.5 

CT-STEIP BASK PACKAGE 

1. 

5. 

0. 

2. 

99c 9 

3. 

.25 

C.XUilH DISPEhSEB 

6 * 

5. 

.01 

1. 

99.9 

1. 

*25 

CCASf L BAFFLES 

6. 

.25 

0. 

1. 

99.9 

3. 

80. 

C5ICE BAFFLE 

.43 

1.0 

0. 

1. 

99.9 

3. 

160. 

CS IDE BAFFLE GUIDE 

.43 

2.5 

.01 

2. 

99.9 

1. 

.13 

CSOFT SURFACE BELT 

1. 

3000. 

0. 

2. 

99.9 

1. 

150. 

CHOTOR DUVJ 

1. 

ICC. 

15. 

2. 

99.9 

1. 

35. 

CEND BOILERS 

1. 

100. 

5. 

2. 

99.9 

1. 

5. 

CCOOL1NG SI ST EH 

1. 

550. 

.25 

3. 

99.9 

2. 

28. 

ft D? OF SI02 SUBSTRATE 

0. 

0. 

.01 

10. 

10. 

246. 

13. 

CEB GUM 

20. 

25. 

7. 

3. 

99.9 

2. 

1.3 

C FILE HE NT HAGAZINE 

20. 

.04 

0. 

2. 

99.9 

3. 

.44 

CFLAB F EEDEfl 

20. 

60. 

.01 

3. 

99.9 

2. 

3. 

C6AEKING DEVICE 

1. 

50. 

1. 

3. 

99.9 

2. 

2.5 

Cl-s;nip HASK PACKAGE 

1. 

5. 

0. 

2. 

99. 9 

3. 

.25 

cottr.EN disease a 

4. 

5. 

.01 

1. 

99.9 

1. 

*25 

CP vNfL BAfFlES 

4. 

.25 

0. 

1. 

99.9 

3. 

80. 

CSIDK BAFFLE 

.29 

1.0 

0. 

1. 

99.9 

3. 

160. 

CS1DE BAFFLE GUIDE 

.29 

2.5 

.01 

2. 

99.9 

1. 

. 13 

CSOFT SURFACE BELT 

1. 

2000. 

0. 

2 • 

99.9 

1. 

100. 

CKO:OR DRIVE 

1. 

500. 

10. 

2. 

99.9 

1. 

25. 

CEKD ROLLER 

1. 

100. 

5. 

2. 

99.9 

1. 

5. 

CCOOLING SYSTEH 

1. 

400. 

. 15 

3. 

99.9 

2. 

20. 

HPA «EL ALIGN 6 INSFGT 

0. 

0. 

.001 

20. 

15. 

246. 

7. 

CACCELERATOfi BEIT 

1. 

70. 

5. 

3. 

99.9 

1. 

3.5 

CVARIABIE S P E E " BCIIEBS 

32. 

.8 

. 1 

3. 

99.9 

2. 

• 04 

CPA NIL RENO*ER 

2. 

25. 

.7 

2. 

99.9 

2. 

1.25 

CPANLL INSL JR 

1. 

25. 

.7 

2. 

99.9 

2. 

1.25 

CPANEl II* n* 

3. 

30. 

1. 

2. 

99. 9 

2. 

1.5 

CSENSOHS 

10. 

. 1 

.1 

3. 

99.9 

4. 

• 01 

CGJ ID ' BCLLEHS 

60. 

.5 

0. 

2. 
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5000. 

.5 

2. 

99. 

5. 

0. 

BCARGO DOCKING HECH. 

0 • 

C • 

0. 

20. 

0. 

2. 

2. 

CRETE NTIC N LATCHES 

4 4 

100. 

.1 

3. 

99. 

5. 

5. 

CSTP.UCTUK2 S DAMPING 

4 

» * 

ieco. 

0. 

2. 

99.9 

5. 

0. 

lltOAD-UNLOAD 3 AtllPULATORO • 

i. 

0. 

50. 

0. 

4. 

2. 

CHAN I EUL ATOH AE3 

1. 

ECOO. 

10. 

3. 

95. 

5. 

250. 

CCEEW OPERATING STATIC N 

1 . 

2000. 

1 . 

3. 

99. 

5. 

100. 

BSAGNETIC TRANSPORTER 

0. 

0. 

0 . 

50. 

0. 

130. 

4. 

C PR A il E 

1 . 

50. 

0 . 

1 . 

99.9 

5. 

2.5 

CHIGh PEP.flEA3H.ITll PLUG 

4. 

6. 

0 . 

2. 

100. 

5. 

0 . 

LTtPl.CN SKIDS 

0. 

1. 

0 . 

2. 

99.9 

5. 

• 2 

CCONTAI HER 

6. 

30. 

0 . 

2. 

99.5 

5. 

1.5 

HTRANSPORTEB TRACK 

0. 

0. 

0, 

10. 

0 . 

1 . 

4. 

CTRACK 

4. 

9000. 

0. 

1 . 

99.9 

5. 

90. 

CHAGKLTIC DRIVERS 

1280. 

30. 

• 0> 

2. 

99.9 

5. 

1.5 

CEOSSEARS 

2 . 

45000. 

0 . 

1 . 

100. 

5. 

0 . 

CfiOUTING CONTROL 

1. 

2000. 

10. 

3. 

99. 

5. 

100. 


A! 8 



HINTERN Al S10RAGE 

DEV2CEO. 

0. 

0. 

10. 

0. 

8. 

3. 

CBODI 6 CCNTBOL CIBCOIT 1. 

20 0. 

1. 

2. 

99. 

5. 

10. 

CCOMTAIMER TORES 

8. 

30, 

0. 

2. 

99. 

5. 

1.5 

CPOSH Afin 

1. 

ISO* 

1. 

2. 

99. 

5. 

7.5 

BBEPAIB AOTOSVTCHS 

0. 

0. 

.001 

100. 

20. 

42. 

1. 

CAOTOHA7IC BEP AIR 

DiVICEI. 

200. 

‘5. 

4. 

80. 

5* 

0. 


AT 9 
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SPACE MANUFACTURING FACILITY 
LINE I TEH COSTING PROGRAM 
rt.I.T. SPACE SYSTEMS LABCflATOBY 


INPUT VARIABLE SPECIFICATION 

BASELINE EBP CASE: 1 SPS PBODU CLO/YEAF t AUTOMATIC PE PA 1 8 OF SCP MACHINERY 
SMI GlOfAL PAIACETIBS: 


CARGO TRANSPORT COST (A/KG) = 100. 

PAYLOAD Fit ACTION ON PLRSCHNLL SHIPS » C. 10 
CPE« TPUlSfCrT MASS (KG/PtlSC «| ® 100. 

CKLW * AGL U/UPI ^ 14,34 

SUPFCTT OVETliiAC FACTOR = 2.0 

SBF !ICNl * CD'JCTXCa HASS (KG) =2CCGCCC. 

SfP hC N r. -CLUJ IIC N CC ST (A) « 25. 

PGWLIPUM SPECIFIC BASS (KG/K W) * 1C. 

NUMOIR CF MACHINES IN SBF = 60. 

ASSEMBLY PFCoUCTiVITY (Kli/PERSC N -HE) - 300.0 
H AUI T AT :USS (KG/PERSQH) * 3040. 

HABITAT {.GO (Ad) = 376'i50U3b. 

E CD. LEVEL 1 * $ 500. /KG 

RED. ItV-L 2*1 5000. /KG 

RED. LEYC.L 3 * i 2C0CQ./KG 

FED. ILVfL 4 * JICOJUO./KG 

HUMAN SUkSLYlSICH (UR/lll. DtkN); 

TiLLCVI HATOh BEPAIh » 0.250 

Cf AVUP/SCNICUIIO Et PIACEM3NT * 
MANUAL REPAIR * 1.CC0 

EUTY CYCLE MULTIPLIES = 1.000 


PH BSO N NC L TRANSPORT COST (l/KG) » 450. 

TH AIMING COST (l/FCBSCN) * 50000, 

C B £ W ROTATION FATE {TltLS/YE Ab ) = 4.0 

CO HSU M AGUES FLO* R AT C ( KG/ PEP SON- CAY) * 0.83 

SBF OPERATIONAL PERIOD (YRS) e 20. 

SAP NCNPrODUCTICN PCWEfi (KW) * 1000. 

SMF NCNPl'OuUCTION EXPLNDAOLLS (KG/YR) » 0. 

PONhRPLA NT PFOCUREMtNT COST (l/KN) » 2000. 
PRODUCTION liOUNS/YtAR * B766. 

COST LISCOUNTING PATE * 0,10 
HABITAT POWER (K W/Pf * SON) * 9.0 

HABITAT I i.CCUF B ENT (l/KG) - 100.0 

PROCUREMENT, LEVEL 1 * $ 50./KG 

PROCUREMENT, LEVEL 2 * i 500. /KG 
PROCUREMENT, LEVEL 3 « $ 2000. /KG 
PROCUREMCNT, LEVEL 4 » IIOCOO./KG 

CH \ W LF.H /AUTOMAT 1C REPAIR » 0.100 

0.050 CRAWLfcR/IIUHAN HtPAJR = 0.500 



MACHINE AID COMPONENT PABABFI I BS: 

MONIES 


(IASS 



PONER PBOCO BEHEST DOTE CTC 


SEP* LIDOS PASTS CCC LSC 


* 0 » 

005 KC./HF AT S 

20. /KG 

COMPONENTS 

- 10.0 



0.0 

10303U.87 

99.90 

0.25 

200.00 

2. 

1. 

20.00 

257579. 12 

59.90 

0*25 

50.00 

2. 

1- 

0.0 

11607.17 

99.90 

0.25 

2.50 

2. 

1. 

20.00 

206063.37 

99.50 

0.25 

10.00 

3* 

1* 

MACHINES BCD * S 

39250000. 





® 0. 

005 KG/HB AT $ 

10. /KG 

COMPONENTS 

• 10.0 



3.10 

18571.47 

99.90 

0.10 

1.00 

3. 

2. 

0,0 

9.29 

99.90 

0.05 

0.00 

2. 

3. 

0.01 

46428.08 

99.90 

0.10 

2.50 

3* 

2. 

0.0 

1,29 

99.90 

0.05 

0.00 

1. 

3. 

0.0 

50. CO 

99.90 

0.05 

0.05 

1. 

3 

0,01 

1250.00 

99.90 

0.25 

0.13 

2. 

1. 

0.01 

22666.97 

99.90 

0. 10" 

1.10 

3* 

2. 

MACHINES BCD » $ 

1 1 953224* 





■ 0. 

005 KG/HP AT S 

10./KG 

components 

• 20.0 



7.30 

16434.50 

99.90 

0. 10 

1.25 

3. 

2. 

0.0 

6,57 

99,90 

0.05 

0.00 

2. 

3. 

0.01 

39442.80 

99. iO 

0. 10 

3.00 

3. 

2* 

0.0 

5.23 

69.90 

0.05 

0.01 

1* 

3. 

0.0 

50.00 

99.90 

0.05 

0.05 

1. 

3* 

0.01 

1250.00 

99,90 

0.25 

0. 13 

2. 

1. 

1.75 

16434. 50 

99.90 

0. 10 

1.25 

3* 

2. 

0.15 

370914,00 

99.90 

0.10 

18.00 

3. 

2. 

MACHINES BCD * | 

2 9413312* 





* 0. 

005 KG/UR AT S 

10. /KG 

COMPONENTS 

• 

o 

o 

© 



1.80 

9285.73 

99.90 

0.10 

0.50 

3. 

2. 

0.0 

9,79 

99.90 

0.05 

0,00 

2. 

3. 

0.01 

24727.60 

<>9.90 

0.10 

1.20 

3. 

2. 

machines ecu ■ $ 

10W680192* 





■ o. 

005 KG/IIB AT * 

10. /KG 

COMPONENTS 

■ 100.0 



0.60 

4642.07 

99.90 

0.10 

0. 25 

3. 

2* 

0. 0 

9.29 

99.90 

0.05 

0.00 

2. 

3* 

0.00 

14424.43 

99.90 

0.10 

0.70 

3. 

2. 

MACHINES BCD • $ 

100380192* 







A 22 


N-DOPANT I HPL ANTATIO N 

i Aeos - 

O.C 

1 EXPEND. - 0.001 KO/HR AT 9 

200. /KG 

COMPONENTS ■ 

10.0 




PHOSPB. 10 N IBPLANIE* 


2.00 

25.00 

1.75 

23214.3. 

99.90 

0.10 

1.25 

3 . 

2. 


duty 

CYCLE * 

1.0000 

REQUIRING 

2.6. NACUINES 

S6D - t 

10500000. 





ANNEAL 

LAEOB * 

0.( 

) UPEND. • 0.005 KO/HR AT $ 

1 O./KG 

COMPONENTS • 

10.0 




EB GUM 


2 ♦ **0 

5.00 

0.40 

4642.07 

99,90 

0.10 

U. 25 

3 . 

2. 


FILAMENT MAGAZINE 


2 jO 

0.04 

0.0 

9.29 

99.90 

0.05 

0.00 

2. 

3. 


COOLING SYSTEM 


1.C0 

14.00 

0.00 

14424.43 

99.90 

0.10 

0.70 

3. 

2. 


CUTY 

CYCLE * 

0.9990 

REQUIRING 

246. MACHINES 

BSD - $ 

19360199. 





Dt OF 

AL FLO NT CONTACT 

LAECB - 

* 0. 

0 EXPEND. • 0.050 KG/HR AT t 

10. /KG 

COMPONENTS • 

10.0 




SO G JN 


4. CO 

10.00 

1.60 

8368,77 

99.90 

0.10 

0.50 

3. 

2. 


PI LA ME NT M ACAZINZ 


g.co 

0.04 

0. 0 

8.37 

99.90 

0.05 

0.00 

2. 

3. 


SLAB PEELER 


g.co 

50.00 

0.01 

41843.90 

99.90 

0.10 

2.50 

3. 

2. 


M A jR 


2.00 

300.00 

0.0 

270572.00 

59.90 

0.05 

15.00 

3. 

3. 


MMK GUIDE 6 ROUUP 


2. CO 

2 50.00 

2.00 

232143.37 

99.90 

0.25 

12.50 

3. 

1. 


PANEL BAffLES 


2.00 

C.05 

0.0 

1. 16 

59.90 

0.05 

0.00 

1. 

3. 


SIDE EAFUE 


0.29 

1 .00 

0.0 

50.00 

99.90 

0.05 

0.05 

1. 

3. 


SIDE BAFFLE GUIDE 


0.29 

2.50 

0.01 

1250.00 

99.90 

0.25 

0.13 

2. 

1. 


COOLING SYSTEM 


1.00 

30.00 

0.01 

30909.50 

99.90 

0. 10 

1.50 

3. 

2. 


DU1I 

CYCLE - 

0.9990 

REQUIRING 

246. . MACHINES 

PCD * $ 

22813216, 





FRONT 

CONTACT SINTERING 

LABOR - 0. 

0 EXPEND. • 0.005 K G/llh AT $ 

10. /KG 

COMPONENTS - 

10.0 




ED GUM 


2. CO 

5.00 

0.20 

4642.07 

99,90 

0.10 

0.25 

3. 

2. 


FUAMEUT MAGAZINE 


2.00 

0.04 

0.0 

9.29 

99.90 

0.05 

0.00 

2. 

3. 


COOLING SYSTEM 


1.00 

14.00 

0.00 . 

^ 44 24. u 3 

95.90 

0.10 

0.70 

3. 

2. 


OUT! 

CYCLS • 

0.9990 

REQUIRING 

246. MACHINES 

PCD * 9 

1 0360199, 





CELL 

CP OSSCUT 

LABOR * 

* 0. 

0 EXPEND. * 0.005 KG/iiR AT t 

25, /KG 

COMPONENTS » 

10.0 




LASFd 


1.00 

20.00 

2.50 

20606.34 

99.90 

0.10 

1.00 

3. 

2. 


KR. LAMP MAGAZINE 


1.C0 

0.10 

0.0 

103.03 

99.90 

0.05 

0.00 

3. 

3. 


r —DH EOLLEBS 


2.00 

0.50 

0.0 

116.07 

99.90 

0. 10 

0.02 

2. 

2. 


. ELD 


1.C0 

1 .00 

0.0 

25.76 

99.90 

0,25 

0.05 

1. 

1. 


DUTY 

CYCLE • 

O.S970 REQUIRIN'* 

246. MACHINES 

PCD - S 

1C405000. 





CELL 

INTEFCC NNECT1C N 

LABOR - 

I 0. 

0 EXPEND. » 0.001 KG/UR AT $ 

15. /KG 

COMPONENTS - 

20.0 




E LECTf OSTATIC WELDER 


1.00 

10.00 

0.50 

10303.16 

90 

0. 10 

0.50 

3. 

2. 


t NXEpCCNN ECT PffDEP 


1.00 

20.0. 

1.00 

20606. 34 

39,90 

0.10 

1.00 

3. 

2. 


1 NT ERCCN SECT LCIL 


1.C0 

15.00 

0.0 

3063.69 

99.90 

0.05 

0.75 

2. 

3. 


SENSORS 


2.00 

0. 10 

0. 10 

52.86 

59,90 

0.50 

0.00 

3. 

4, 


V AM ABLE SPEED ROLLERS 

g .oo 

0.80 

0.10 

669.50 

99.90 

j. 10 

0.04 

3. 

2. 


.1CTCR % :i D TRACKING 


1. 00 

10.00 

1.00 

2575.79 

59.90 

0. 10 

0.50 

2. 

2. 


GUIDE ROLLERS 


g.oo 

0.50 

0.0 

104.61 

99,90 

0.10 

0.02 

2. 

2. 


DUTY 

CYCLE * 

0.9960 

REQUIPJN ; 

246. MACHINES 

TCD « 9 

20745488. 







DT SI02 OPTICAL COVES LABOR 


E8 G'JV 

FIL A NCNT MAGAZINE 
SLAB FEEDER 
MASKVC CSVLCE 
T-STRIP MASK PACKAGE 
CXtCin CISFEESEF 
PANEL fAFFltS 
STDF BAFFLE 
SICE BAfPLE GUIDE 
SOFT SURFACE BELT 
nolo* OEIVE 
END ROLLERS 
COOLING SISTER 

DOT I CYCLE » 

Of OF SIC2 SJDStf ATE LABOB 


ED GUN 

FX LAS £ NT MAGAZINE 
SLAB PLZPlh 
n ASX i KG l E VICE 

** T-STRIP MASK PACKAGE 

I s0 CXYCES CJSFERSt* 

W PANEL PAPPUS 

SIDE BAFFLE 
SICE BAFFLE GUIDE 
SuFT SUB I ACL BLLT 
MOTOR LFIVt 
END ROLL EL 
CCOIING SYSTEM 

DUTY CTCL - 

PAIE1 ALIGN £ INSERT LABOB 


accelerator , :l 
VASIA3LE SPEED EC ^IS 
PANEL bEMOVEfi 
PANEL IffSEETLB 
PANEL HOPPEP 

sen sens 

GUIDE HOLLERS 

EOT! CTCL I * 


» o.o 

EXPEND. 

- 0. 

,010 KG/IIB AT 

30.00 

25.00 


7.00 

15*64.75 

30.00 

0.04 


0.0 

6.19 

3C.C0 

60.00 


0.01 

37115.41 

1.00 

50.00 


1.00 

51515.8* 

1 .00 

5.00 


0.0 

1287.90 

6.00 

5.U0 


0.01 

98.4* 

6.00 

0.25 


0.0 

4.92 

0.O3 

1.00 


0.0 

29.23 

0. *3 

2.50 


0.01 

730.85 

1.C0 

3000.00 


0.0 

772737.62 

1.00 

700.00 


15. 00 

180305.37 

1 .00 

100.00 


5.00 

25757.92 

1.00 

550.00 


0.25 

566674.19 

0.99*0 

REQUI RING 

2*6. 

MACHINES ROD • $ 

Q.O 

EXPEND. 

• 0. 

010 KG/HB if 

2C.C0 

25.00 


7.00 

16*34*50 

20.00 

0.0* 


0.0 

6.57 

20.00 

60.00 


0.01 

39442.80 

1.00 

5C.00 


1.00 

51515.8* 

i.r 

5.00 


0.0 

1287.90 

*•0 * 

5. 00 


0.01 

104.61 

*.00 

0.25 


0.0 

5.23 

C* 29 

1.00 


0.0 

50.00 

0.29 

2.50 


0.01 

1250.00 

1.C0 

2000.00 


. 0.0 

515158.44 

1.00 

500.00 


10.00 

128789.50 

1 .CO 

100.0C 


5.00 

25757.92 

1.00 

*00.00 


0. 15 

412126.75 

0.99*0 

t&QUI RING 

2*6. 

BACUINES ROD » $ 

0.0 

EXPEND. 

* 0. 

001 KG/Ufi AT 

1.00 

70.00 


5. CO 

72122.12 

32.00 

0.80 


0. 10 

490.10 

2.00 

25.00 


0.70 

5803.5ft 

1.00 

25.00 


0.70 

6 <09. *8 

3.00 

3C .00 


1.00 

6 53.35 

10.00 

0.10 


0.10 

72.94 

60.00 

0.50 


0.0 

69.69 

0.9980 

BEQQIRIRG 

2*6. 

MACHINES ROD * t 


10./KG 

COMPONENTS 

• 100.0 



99.90 

0.10 

1.25 

3. 

2. 

99.90 

0.05 

0.00 

2. 

3. 

99.90 

0. 10 

3.00 

3. 

2. 

99.90 

0*10 

2.50 

3. 

2. 

99.90 

0.05 

0.25 

2. 

3. 

99.90 

0.25 

0.25 

1. 

1. 

99.90 

0.05 

0.01 

1. 

3. 

99*90 

0.05 

0.05 

1. 

3. 

99.90 

0.25 

0.13 

2. 

1. 

99.90 

0.25 

150.00 

2. 

1. 

99.90 

0.2S 

35.00 

2. 

1. 

99.90 

0.25 

5.00 

2. 

1. 

99.90 

132740816. 

C.10 

27.50 

3. 

2. 


10. /KG 

COBPONENTS ■ 

10.0 



99.90 

0.10 

1.25 

3. 

2. 

99.90 

0 . 0 s 

0.00 

2. 

3. 

99.90 

0.10 

3.00 

3. 

2. 

99.90 

0.10 

2.50 

3. 

2. 

99.90 

0.05 

0.25 

2. 

3. 

95.90 

0.25 

0.2S 

1. 

1. 

99.90 

0.05 

0.01 

1. 

3. 

99.90 

0.05 

0.05 

1. 

3. 

99.90 

0.25 

o.r 

2. 

1. 

99.90 

C. 25 

100 . 0 * 

2* 

1. 

99.50 

0.25 

75.00 

2. 

1. 

99.90 

0.25 

5.00 

2. 

1. 

99.90 

0.10 

20.00 

3. 

2. 


337*081*. 


1 5. /KG 

COB PON ENTS • 

20.0 



99.90 

0.25 

3*50 

3« 

1* 

59*90 

0*10 

0.04 

3* 

2. 

99.90 

0. 1‘- 

1.25 

2. 

2. 

99.90 

0*10 

1.25 

2* 

2. 

99.90 

0.10 

1.50 

2. 

7. 

99.90 

0-50 

0.00 

3. 

*• 

99.90 

0*10 

0,02 

2* 

2 . 


2 1820*96* 



A24 


PA MEL 

I MlgfiCCM. ECTIOM 

I A BOR » 0.0 

EXPEND. 

• 0.001 KG/Hfi AT $ 

15. /KG 

COMPONENT! 

I • 10*0 




ELEC TRC5TA TIC 4EIDEB 

1.00 

10.00 

0.50 

10303.16 


99,90 

0,10 

0.50 

3. 

2. 


in:lpi.cn»ect feeder 

1 .00 

20.00 

1.00 

20606.34 


99.00 

0.10 

1.00 

3. 

2. 


I LIT E *CC N KECT RCIL 

1.00 

15.00 

0.0 

3b 6 3 . 69 


59.90 

0,05 

0.75 

2. 

3. 


SENSORS 

2.00 

0.10 

0. 10 

92.86 


99.90 

0.50 

0.00 

3. 

4. 


VAPIAJLE SPEED FOLLERS 4.00 

0. BO 

0.10 

669.50 


99.90 

0,10 

0. 04 

3, 

2. 


ncioa 

1 .00 

1b. 00 

5.00 

38 6 3, 69 


*9.90 

0.10 

0.75 

2. 

2. 


GUIDE ROLLShS 

4. CO 

0. 50 

0.0 

104.61 


J. 90 

0,10 

0.02 

2. 

2. 


OUT I 

CYCLE ■ 0,9960 REQUIRING 246. 

MACHINES 

PCD » 

$ 

10770500. 





LONG ITUD2 N A L CUT 

LABOR * 0.0 

UPEND, 

• 0.005 KG/HR AT 

$ 

2 5 ,/KG 

COMPONENTS 

- 10.0 




LASER 

1.C0 

20 'C 

2.50 

20606.34 


99.90 

0,10 

1.00 

3. 

2. 


KR * LAMP MAGAZINE 

1.00 

0. 10 

0. 0 

103,03 


99.90 

0,05 

0.00 

3. 

3. 


GJiDE HOILFPS 

2 ,C0 

0,50 

0.0 

1 16.07 


99.90 

0. 10 

0 02 

2. 

2. 


SHI ELD 

1.00 

1.00 

U, 0 

25.76 


99.90 

0.25 

0.05 

1. 

1. 


DUTY 

CYCLE * 0.9970 REQUIRING 246, 

MACHINES 

ROD • 

S 

10405000. 





KAPTON 

TAPE APPLICATION 

LlfcOfi « 0.0 

EXPEND. 

• 0.001 KG/UR a. 

% 

15, /KG 

COMPONENTS 

■ 20.0 




STATIONARY TAPER 

C.93 

0.50 

0.50 

130.20 


99,90 

0,10 

0.02 

2. 

2. 


STATIONARY TAPE REPILL 0.93 

0.06 

0.0 

15,62 


99,90 

0.05 

0.00 

2. 

3. 


CFOSa TAPER 

C.C7 

2.50 

0.50 

1250,00 


99.90 

0.10 

0.13 

2. 

2. 


CROSS TAPE REFILL 

0.07 

0.06 

0.0 

30.00 


99.90 

0,05 

0.00 

2. 

3. 


SOPT HOLIER 

1.57 

0.05 

0.0 

12,04 


99.90 

0. 10 

0.00 

2. 

2. 


GUILE ROLLERS 

8.00 

0.05 

0.0 

9,43 


99,90 

0.10 

0.00 

2. 

2. 


CROSS TAP t MCTOE 

0.07 

5,00 

5.00 

2500.00 


99.50 

0. 10 

0.25 

2. 

2. 


DUTY 

CYCLE • 1.CO00 REQUIRING 246. 

MACHINES 

PCD * 

I 

20041088. 





ABBA! 

S EO. FOLD & PACK 

LABOR - 0.0 

UPEND * 

« 0,001 KG/ HR AT * 

IS. /KG 

COMPONENTS 

• 10,0 




GUIDE POLLERS 

11. CO 

0.05 

0.0 

6.99 


99.90 

0. 10 

0.00 

2, 

2, 


VERTICAL DEFLECTORS 

0.07 

2.00 

1,00 

1000.00 


99,90 

0.25 

0.10 

2. 

1. 


POX ALIGNMENT 

0.07 

30.00 

4.00 

15000.00 


99.90 

0.25 

1.50 

2. 

1. 


OCX LAbKLinG 

0.07 

0. 50 

0.01 

250.00 


99,90 

0.50 

0.02 

2, 

u , 


TRAILING £ EG £ GUILE 

0.07 

5.00 

0.01 

2500.00 


99.90 

0.25 

0.25 . 

2. 

1. 


DUTY 

CYCLE • 1.COOO REQUIRING 246. 

MACHINES 

SCO • 

S 

10187750, 





ALL ACOVg MACHINES HAVE 

BEEN CORRECUO TO 

rORR 2(6. STRIPS NIEDIP fOR SOUS CEIL fACTOBI 

DUTY CYCLE 

Of 0.9605 







RUflOEP 

NASS 

PCS EB 

PROCUREMENT DOT T CTC 

BBP. LA808 

FAVTS 

ccc 

LBC 

rmcPEUTCB 

LAB08 • 0.0 

EE8EVC. * 0 

.0 ES/BB AT 1 

O./KO 

CO 9 PO VESTS 

-100. 0 




r. UCPEMTCS 

i.oa 

750.00 

10.00 

7S0C000.00 

90.00 

1.00 

75.00 

4. 

s. 


CC.*TSCL ST At! OR 

1.00 

600,00 

10.00 

1 200000. 00 

99.00 

1.00 

60.00 

3. 

5. 


OUT 1 

ctcu c.eoio 

BE CUt AINU 

2. N AC U i i IS WO • • 

187000000. 





CBAVLEB 5TSTM 

LABOR « 0.0 

IIPEHD, « 0 

.0 10 KG/HB AT S 

20. /AG 

COBPO VESTS 

• 50.0 




SIPUCTCJJE A HO DRIVE 

5<*.0C 

1500.00 

20. CO 

750000.00 

95.00 

1.00 

150,00 

2. 

5. 


Tf-ACK' 

42.00 

2500.00 

0. 0 

125000.00 

100.00 

0.10 

125.00 

1. 

2. 


CCUTr.CL UNITS & SUSC8S 54.00 

3C.QC 

- 5. CO 

400000. CO 

99.00 

1.00 

1.50 

4. 

5. 


CjIF'JTEB bARDWAll 

54.00 

10.00 

0.20 

100000.00 

99.00 

1,00 

1.00 

4. 

5. 


« JNI°3LAT0PS 

216.00 

250.00 

3.00 

262653. 3 1 

99.00 

1.00 

12.50 

3. 

5. 


CCarFDI ClUEB 

1.00 

3000.00 

20.00 

600<*900.00 

59,00 

1,00 

300.00 

3. 

5. 


OUT! 

CTC/S • 0.9999 

REQU1 RING 

1. MACHINES P60 w * 

127750000. 





Z0R2 

BIPISU? 

LABOR - 0.0 

EIPKVD. * 0 

•01 0 RC/HR AT S 

20. /KG 

CO fl FORESTS 

•100.0 




iSjUCTlCH CCIL 

10. CO 

35.00 

2 5.00 

31546.88 

99.90 

1.00 

0.50 

3. 

5. 


zxs jl: riHz c pomp 

10,00 

10.00 

1.00 

0013.39 

99,90 

1.00 

0.25 

3. 

5. 


>. L V b C LA NFS 6 DRIVE 

1.C0 

150.00 

0.20 

75000.00 

99.90 

1.00 

0.50 

2. 

5. 


H .ULIiG lqoifnih: 

T .00 

50.00 

0.50 

25000.00 

59.90 

1,00 

2. SO 

2. 

5. 


ACT Itl CGOI FC6 CCUS 

1 .CO 

2 00.00 

0.30 

100000.00 

99.90 

1.00 

1.50 

2. 

5. 


9431 \ 

1.00 

33,00 

0.0 

U5C.00 

100.00 

1.00 

0.0 

1. 

5. 


rr.Lss. cos r . t aificci 

0.17 

6000.00 

0.0 

3000000.00 

99.90 

1.00 

2.50 

2. 

5. 


to cut?:* 

0. 07 

40.00 

120.00 

90000.00 

99,90 

1.00 

0.0 

3. 

5. 


CCOLiit-i \C>b EE 

0.07 

100.00 

0. 10 

50000.00 

99.00 

1.00 

0.0 

2 • 

5. 


PACKING CC4TUHEFS 

2. CO 

2.00 

0.0 

57.37 

99.90 

1.00 

0.0 

1. 

5. 


SAvhtTIC CC«T4I-fl£HT 

10.00 

30.00 

3.00 

27040. 19 

55.90 

1,00 

0.0 

3. 

5. 


ACTIVE CGCL PCR AT GO 

C.17 

30.00 

1.00 

15000.00 

99.90 

1*00 

0.0 

2. 

5. 


CUTE 

CTCL I • 0.9970 

BfctUI RUG 

60. BACH1BE5 BCD • 1 

134967460. 





8&SK 

CLEANUP DEVICE 

L ABOi - 0. 0 

E2PSS0. - 0 

• 0 EC/ 111 AT $ 

O./KG 

CQBPOS EVTS 

•100.0 




MASK THREADER 

1.CC 

10.00 

1.00 

20000.00 

95,00 

1.00 

0.50 

3. 

5. 


C L £ X U : i ? BPUSttlS 6 CBUB 10.00 

5.00 

1.00 

1264.78 

99.90 

1,00 

S.00 

2. 

5. 


GAS CIPCULATIO PUNP 

1.C0 

10.00 

5.00 

5000.00 

99.90 

1.00 

0.50 

2. 

5. 


particle filter srsiis 1.00 

1.00 

0.0 

2000.00 

55.00 

1.00 

300.00 

3. 

5. 


CUTE 

CTCLB • 0,5016 

BE 001 RUG 

25. RACHINES 8(0 • 8 

100294992. 





»▼ Of I MTUCCSSECTS 

LAfiOl • 0.0 

EIPEID. - 0 

.001 XC/Ul AT S 

20. /KG 

COBPOVEVTS 

• 10.0 




Zb GUNS 

10. CO 

25.00 

34.70 

50000.00 

99.90 

1.00 

0.44 

a. 

5. 


FI L All NT KACAZXHB 

10.00 

0.04 

0.0 

2.00 

100.00 

1.00 

0.0 

i. 

5. 


S l AO fLLOLRS 

10. CO 

SO. 00 

C.01 

1QQ00Q.00 

99.90 

1.00 

50.00 

3. 

5. 


BAPfLi Z 

4.00 

1.00 

0.0 

50.00 

100.00 

1.00 

970.00 

1. 

5. 


ROLL WINDING fcQtl IPBEIf 1.00 

50.00 

0.10 

100000.00 

99.90 

1.00 

0.0 

3. 

5* 


SIDE BAFFLE GUIDE 

5.00 

25.00 

0.01 

12500.00 

99.90 

1.00 

0.0 

2. 

5. 


BUT 

1.00 

1400.00 

10.00 

700000.00 

99.90 

1.00 

0.0 

2. 

5. 


COOlIBU STSTEH 

1.00 

500.00 

1.00 

250000.00 

99.90 

1.00 

0.0 

2. 

5. 


DOTE 

CVCLK • 0.9570 

BEQU1R 1 VO 

5. BACUI.ES SCO • S 

22125504. 







A26 


dun ten mil ioiii nccvimif out* etc m. him imti cec uc 


LIQUID XL P17ELINE 

IABC8 • 

0.0 

EXPEND. 

- 0.0 

KG/UB AT t 

0. /KG 

COMPONENTS 

• 

30*0 



PIPE SECTIONS 


13.00 

3.00 

0.0 

1500.00 

99.00 

1.00 


3.00 

2. 

5. 

PIPE JOINTS 


n.oo 

0.50 

0.0 

250.00 

99.00 

1.00 


0.50 

2* 

5. 

£0 PUflPS 


7 .00 

10.00 

0.01 

5000.00 

99.00 

1*00 


1.00 

2* 

5. 


DOIT CYCLE » 

1.C000 

REQUIRING 4, 

BACUIRIS 

BCD • $ 

20067496. 






ZBON PIPELINE 

LABOR • 

0.0 

EXPEND* 

• 0.0 

KG/ HR At S 

O./xn 

COBPONENTS 

m 

20*0 



PIPE SECTION 


S.CQ 

10.00 

0.0 

5000.00 

99.00 

1.00 


10.00 

2* 

5* 

PIPE JOINTS 


3.00 

1.50 

0.0 

750.00 

99.00 

1.00 


1.50 

2* 

5. 

EH Pl/HP 


2.00 

10.00 

U.00 

5000.00 

99.00 

1.00 


1*00 

2* 

5. 


DUTY CYCLE - 

0. 5*99 

REQUIRING 1. 

flAC HINES 

ROD • S 

20107486. 






U ALLOT INS fUBNACE 

LABOR - 

0.0 

EXPEND. 

« 0.0 

KG/UR AT t 

O./KG 

COBPONENTS 

m 

50.0 



CA 51 NJ 


1.Q0 

150.00 

0.0 

300000.00 

95.00 

1.00 


150.00 

3* 

5* 

COILS 


1.00 

60.00 1150.00 

30000.00 

95.00 

1.0,0 


0.0 

2. 

5. 

RADlAIOP C PIPING 

1 .00 

1000.00 

10.00 

500000.00 

99.00 

1.00 


10.0C 

2. 

5. 

CCS : ROLLER 


1.00 

5.00 

0. 10 

1COOO.OO 

99.00 

1.00 


0.0 

3. 

5. 


DUTY CYCLE • 

0.0045 

REQUIRING J* 

BACHIKES 

RED ■ $ 

58400000. 






X BOM ALLOYING PUBNACE 

IAOOB • 

0,0 

EXPEND. 

■ 0.0 

KG/IIR AT $ 

O./KG 

COBPONENTS 

m 

50.0 



CASING 


1.0J 

150.00 

0.0 

300000.00 

95.00 

1.00 


150.00 

3. 

5. 

COILS 


1,00 

60.00 1150.00 

30000.00 

95.00 

1.00 


0.0 

2. 

5. 

RADIATOR C PIPING 

1 .00 

1000. QQ 

10.00 

500000.00 

99.00 

1.00 


10.00 

2* 

5. 

CON ' POLLEN 


1.00 

5.00 

0. 10 

10000.00 

99.00 

1.00 


0.0 

3. 

5. 


DUTY CYCLE - 

0 • 1 645 

BEQUX RING 1* 

MACHINES 

BCD ■ S 

58403000* 






CONTINUOUS CASTER 

IAOOB • 

0.0 

EXPEND. 

- 0.0 

KG/HR AT $ 

O./KG 

COBPONENTS 

m 

20.0 



HOLD 


1.00 

100.00 

0.0 

200000.00 

95.00 

1.00 


5.00 

3* 

5. 

PLUIC 


1.00 

100.00 

0.0 

5000.00 

99.00 

1.00 


5.00 

1. 

5. 

PIPING STSTIN 


1 .00 

150.00 

0.0 

75000.00 

99.00 

1.00 


7.00 

2. 

5. 

PU.1P 


4.00 

10.00 

20.00 

500.00 

99.00 

1.00 


1.00 

1* 

5. 

RADIATOR 


1.00 

500.00 

0.0 

25000.00 

100.00 

1.00 


0.0 

1. 

5. 


DUTY CYCLE • 

0.9JU 

REQUIRING 2* 

BACH2 NE£ 

BCD • $ 

23054992. 






AL SLAD CUTTER 

LABOR - 

0.0 

EXPEND • 

* o.c 

KG/HR AT $ 

O./KG 

COBPONENTS 

m 

10.0 



ZD GUN 


1.00 

10.00 

20.00 

20000.00 

99.00 

1.00 


2. SO 

3. 

5. 

POCUSING 


1.00 

15,00 

30.00 

30000.00 

99,00 

1.00 


0.0 

3* 

5* 

ED GUM TUCKING 


1.00 

25.00 

1.00 

50000.00 

99.00 

1.00 


1.30 

3. 

5. 


DUTY CYCLE • 

0.9703 BEQ0IRING 2. 

IIACHINIS 

BCD • t 

11000000. 








11 

DIE 

CASUS 

LABOR • 

0. 250 

expend. - o 

•0 KO/IIP At 9 

0 ./KG 

COMPONENTS - 

20.0 



PISTCH AMD CHABDLB 


1. 00 

15000.00 

75.00 

7500000.00 

99.00 

1.00 

750.01 



ROC C S 


19*00 

1000.00 

5*00 

500000.00 

99.00 

1.00 

50.01 



ACTIVE CCCUNG SYSTEM 


1.00 

1000.00 

60.00 

500000.00 

99.00 

1.00 

50.01 



flAClATGES 


1*00 

500.00 

0.0 

20000.00 

100.00 

1.00 

0.0 



OUTY 

CYCLE * 

0.9801 BEQUZ BIBO 

1. MACHINES POD • S 

105250000. 



FI 

DIE 

CAST IS 

LA BOB * 

0,250 

iipinr. * o, 

.0 KG/HP AT S 

O./KC 

COB PON ENTS • 

20.0 



PISTC'J A HD CHAMBER 


1 . CO 

2CCC.00 

10. CO 

1000000.00 

99.00 

1.00 

0.0 



MOLLS 


1.00 

10u0. 00 

5.00 

500000. 00 

99.00 

1.00 

0.0 



ACTIVE COOllNG SY3TEE 


1.00 

100.00 

a. oo 

50000.00 

99.00 

1.00 

0.0 



RAQ1AI08 


1.00 

50.00 

0. 0 

2500.00 

100*00 

1.00 

0.0 



DUTI 

CYCLE - 

C.5 70J SCQUIBIttG 

1. MACHINES SOD • $ 

35524992. 



TBANSFOHrtLfc CO BE CASTER 

LABOR • 

0.040 

ix? mo. - o. 

0 KG /UP AT % 

Q./KQ 

COMPONENTS » 

20.0 


CKZZZi 


1.00 

ICUOo.OO 

50. CG 

5000000.00 

99.00 

1.00 

500.00 

2. 

5. 

ACTIVE CCCLING STS' 1 EM 


1 .00 

1000.00 

60. 00 

500000.00 

99.00 

1.00 

5C.00 

2. 

5. 

ft AQI ATOS 


1 .00 

6 CO. 00 

0.0 

2600C.00 

100.00 

1.00 

0.0 

t. 

5. 

DUTY 

CYCLE 

• O.SdOl 

uiQinmuQ 

1. MAC HIRES BCD • $ 

75250000. 





BOLLING MILL 

LABOR 

« 0, 

0 i XP INS* * 0. 

,010 KG/HR AT 1 

20. /KG 

COBPONEN7S 

• 10.0 



ROUGHING STAND 


1. 00 

1O5OC0.OC 

22 5.00 

3250000.00 

95,00 

1.00 

1000.00 

1* 

5. 

SLAB COOL I HO SIST2B 


1 .00 

10000,00 

• 5.00 

5000000.00 

55.00 

1.00 

500.00 

2. 

5.. 

PAjIATOn A A C PUMP 


1 .CO 

1 CO ,00 

10.00 

5000.00 

99.00 

1.00 

5.00 

1. 

5. 

c ccutpcl 


1.00 

2000. oO 

10. oc 

1Q0C000.00 

55.00 

1,00 

100.00 

2. 

5. 

PIMj.tlSG STAND 


1.00 

70000 . QO 

150.00 

:soo:oo.oo 

95.00 

1.C0 

1000.00 

1. 

5. 

PLLM&AT SY3TLM 


1.00 

100. 00 

10,00 

5C000. 00 

100.00 

1,00 

5.00 

2. 

5. 

CUTY 

CYCLE 

* 0.0064 

BEQUI RING 

1. MACHINES SCO » $ 

156050003. 





AND TPIM/NLID/POU. HIND 

LABOR 

« 0. 

0 EXPEND. « 0. 

0 KO/HN at S 

0,/KG 

COB PON ENTS 

• 10.0 



LB LNl Tf.IM.1EP 


1.00 

6*00 

10.00 

12000.00 

99.00 

1.00 

0.44 

3* 

5. 

FGCU.UHG C DIELiCTICB 


1.00 

2.00 

3,00 

4000.00 

59,00 

1,00 

0.50 

3. 

5. 

lb WEIDIH 


1.00 

2.00 

1.00 

4000.00 

99.00 

1,00 

0.44 

3* 

5. 

ACTIVE CGC LI LG SYSTEB 


: .oo 

14.00 

1.00 

7000.00 

SV.OO 

1.00 

0.0 

2* 

5. 

POLL NlNDL* 


1.00 

500.00 

50.50 

25COOO.OO 

99.00 

1.00 

25.00 

2* 

5. 

7~fLCM FILM FOILS 


3000.00 

2H0.00 

0. 0 

4466.70 

100.00 

1,00 

5.00 

1. 


HANDLiyr. LyO I ?3 I NT 


1 .00 

IOC. 00 

c .00 

soooo.oo 

99.00 

1.00 

10.00 

2. 

3. 

DUTI 

CYCLE 

• 0.9415 REQUIRING 

2. MACHINES SCO • t 

13410000- 





SHEET TRIflfUS 

LABOR 

• 0. 

0 EXPEND. * 0. 

0 KG/HR XT S 

O./KQ 

COMPONENTS 

• 10.0 



10 CUTTEBS 


3.00 

6.00 

10.00 

*2000.00 

99.00 

1.00 

0.49 

3* 

5, 

FCC USING & CirLfCTICN 


3.00 

2.00 

3.00 

4000.00 

99.00 

1.00 

0.50 

3. 

5. 

HA EDI I UG ECUIYBENT 


1.00 

30.00 

1.0 C 

15000.00 

94.00 

U0O 

3.00 

2* 

5. 

ACTIVE COOLING SISTEM 


1.00 

30.00 

1.50 

15000.00 

99.00 

1.00 

0*0 

2* 

5* 

DUTY 

CTCIE « 

■ 0*9801 

BigoiaiNG 

1. MACHINES BCD • S 

10460000* 






utmutut 



A?8 


BiBBCtf sucre 

LABOR 

■ 0. 

0 EXPEND. . 0.0 

NO/HI AT l 

o./xo 

COMPONENTS » 

10.0 



BOLLING STAND 


1-C0 

70000.00 

225.00 3500000.00 

95.00 

1.00 

1000.00 

u 

5. 

HANDLING EQUIPrtlNT 


1.00 

30.00 

1.00 

15000.00 

'9.00 

1.00 

3.00 

2. 

5. 

spool winds* 


1.00 

50.00 

5- 00 

25000.00 

99.00 

1.00 

5.00 

2. 

5. 

SPCC15 


IDO. 00 

2.00 

0.0 

58.96 

99, CO 

1.00 

0.0 

1. 

5. 

DUTY 

CYCLE 

• 0.9311 

REQUIRING 

1. NACHIHES 

NOD • 1 

45400792. 





BI8BCN TfilBMZb 

LABOR 

• 0. 

0 EXPEND. ■ 0.0 

KG/118 IT t 

O./KG 

COMPONENTS - 

10.0 



CB C'JTT LB 


1.00 

a. oo 

3.00 

16000.00 

99.00 

1.00 

0* 44 

3. 

5. 

POCU5ING & El PL ECT ION 


1.00 

2.00 

1.00 

4000.00 

99.00 

1.00 

0.50 

3. 

5. 

HANDLING ECUI f WENT 


1.00 

20.00 

0.10 

10000.00 

99.00 

1.00 

2.00 

2. 

5. 

DUTY 

CYCLE 

■ 0.9703 

REQUIRING 

1. HACHXNES 

BOD • * 

10300000. 





STBIATOB 

LABOR 

• 0. 

0 EXPEND. " 0.0 

KO/HB XT « 

O./KG 

COMPONENTS • 

10.0 



STB I ATOP 


1.00 

2C000.9C 

50.00 1000000.00 

99.00 

1.00 

1000.00 

1. 

5. 

DOT 

CYCLE 

« 0.9900 

BEQOLBIHG 

1. MACHINES 

ROD • S 

20000000. 





P08B POLLEN 

LABOR 

* 0. 

0 EXPEND. - 0.0 

KG/Hfl AT S 

0,/KC 

COMPONENTS * 

20.0 



EB CUTTER 


1.00 

7.00 

3.00 

14000.00 

99.00 

1.00 

0.44 

3. 

5. 

FOCUSING & DBPLrCTlCtJ 


1.00 

2.00 

1.00 

4000.00 

99.00 

1.00 

0.50 

3. 

5. 

POhH R CL II fc 


1.00 

3 CO. 00 

30.00 

150000.00 

99.00 

1.00 

150.00 

2. 

5. 

HANDLING ECUI f ME NT 


1.00 

30.00 

1.00 

15000.00 

99.00 

1.00 

1.50 

2. 

5. 

uu ir 

crcu 

• 0 # So06 

REQUIRING 

1. «AC.iINK5 

ii&D • S 

2 1830000. 





SLY ST RON RAO. A SSEMDLT 

LABOR 

- 0. 

0 EXPEND. • 0.0 

kg/hr at $ 

o./xo 

COMPONENTS • 

20.0 



£8 WELDER 


<19. CO 

3.0C 

1.00 

2940.62 

99,00 

1.00 

0.44 

3. 

5. 

EGCUSIHU G ClfLECUON 


49,00 

1.00 

0.50 

980.20 

99.00 

1,00 

0.15 

3. 

5. 

SHEET MAGAZINE 


2. CO 

10.00 

0- 50 

5000.00 

99. CO 

1.00 

0.50 

2. 

5, 

SHEIT TRACK & TRANSPORT 

f oo 

10.00 

0. 50 

5000.00 

99,00 

1,00 

0.50 

2. 

5. 

PITE MAG • C TTAESICBT 


6. CO 

10.00 

0.50 

5000.00 

99.00 

1.00 

0.50 

2. 

5. 

EIDDCN BAG. & TP AN 3 , 


6. CO 

5.00 

0. 50 

2500.00 

99.00 

1.00 

0.30 

2. 

5. 

PIPE SEGMENT bEADLR 


€.00 

30.00 

1.00 

15000.00 

99. GO 

1.00 

1.50 

2. 

5. 

PI PI RID DON EfNClI 


6.00 

15.00 

0. 50 

7500.00 

99. '0 

1.00 

0.75 

2. 

5. 

DUTY 

CYCLE » 0.S999 

B2QUX RING 

7. MACHINES 

BCD • $ 

«O44u0OO. 





DC' DC CGN V • PBOOUCIR 

LABOR 

• 0.. 

200 EXPEND. « BO. BOO KC/HR AT % 

100. A.G 

COMPONENTS - 

10.0 



COOLANT CHANNEL DRILL 


1.00 

2000.00 

2.00 1000000. n 

99.00 

1.00 

200.00 

2. 

5. 

WINDING MACHINE 


1.00 

2000.00 

0. 50 1000000.00 

99.00 

1,00 

100.00 

2. 

5. 

DUTY 

CYCLE - 0 .9801 

BEQUX PING 

1. MAC JUNES 

BCD ■ $ 

30000000. 





XI5UIATI0W WINDER 

LABOR 

■ 0,1 

0 EXPEND. • 0.0 

KO/MR AT t 

0./KO 

COMPONENTS •» 
, 

10.0 



INSULATION WINDER 


1.00 

500.00 

2.00 250000.00 

95, 0 

1.00 

25.00 

2, 

5. 

DUTY 

CYCLE ■ 0.9500 

REQUIRING 

e. nachines 

BCD • S 

1250 1000. 







A29 


GLASS FIOER PhCDUCEP 

LAPCR 

• C. 

0 EXPEND. 

* 0 

.0 KG/HR AT $ 

Q./KQ 

COMPONENTS 

• 10.0 



PLATINUM ALLOY TUBS 


1.C0 

40.00 


8.20 

QGOQC.QO 

99.00 

1.00 

0.0 

3. 

5. 

PISTON 0 CYLINDER 


1.00 

100.00 


0.0 

200000.00 

99.00 

1.00 

s.uo 

3. 

5. 

GAS PUMP 


1.00 

JO. 00 


6. 50 

15000.00 

99.00 

1.00 

1.50 

2. 

S. 

GAS CYLINDER 


1,00 

45.00 


0.0 

2250.00 

99.90 

1.00 

2.00 

1. 

5. 

SPOOL 


€ .00 

0.50 


0.0 

12. 13 

99.90 

1.00 

0.03 

1. 

5. 

SPOOL MCTCb 


1.00 

10.00 


0. 10 

5000.00 

99.00 

1.00 

0.75 

2. 

5. 

SPOCl 7HFEACEP 


4.00 

10.00 


0.05 

10315.79 

99.00 

1.00 

1.00 

3. 

5. 

DUTY 

CYCLE 

■ 0.9596 

REQUIRING 

61. 

MACHINES PCD « S 

13222750. 





DC C0NV , PAD. A JSEflOLY 

LABOB 

- 0. 

0 EXPEND. 

- 0 

.0 KG/HR AT S 

0. /KG 

COMPONENTS 

- 20.0 



EO WILDER 


20. CO 

2.00 


1.C0 

4000.00 

99.00 

1.00 

0.44 

3. 

5. 

PGCUGUo C DEFLECTION 


20.00 

1.00 


C,. 50 

2000.00 

99.00 

1.00 

0.15 

3. 

5. 

SlJLET MAGAZINL 


1. CO 

15.00 


1.C0 

7500.00 

99.00 

1.00 

0.75 

2. 

5. 

TRACK C TPANSfCFT 


1.00 

300. 00 


5.00 

150000.00 

99.00 

1.00 

1.50 

2. 

5. 

?I?L S LG ML NT M.\GA2 1 N E 


s.co 

10.00 


0.50 

5000.00 

99.00 

1.00 

0.50 

2. 

5. 

MANIFOLD ASSEMBLER 


1C. 00 

10.00 


1.00 

5000.00 

59.00 

1.00 

0.50 

2. 

5. 

DUTY 

CYCLE - 

■ o.iect 

BEQUI BING 

1, 

MACHINES BCD • $ 

21734992. 





KLTSTFON PLANT 

LABOB 

* 0. 

0 EXPEND. 

• 500 ( 

,000 KG/HR AT $ 

25, /KG 

COSPONENTS 

-100.0 



KLYSTRON PLANT 


1.00 

305000.00 

4Q000. 00152500000. 

80.00 

1.00 

15300.00 

2. 

5. 


DUTY CYCLE - 0.6000 REQU1R J Wl 1. EACH I HE S 6&D » > 1624999940, 


GLASS PCAMIKG FACILITY 

LABOR « 

1.' 

COC EXPEND. 

* 17 

.000 KG/HR AT S 

1,/KG 

CO&PON8N1S 

- 50.0 

PONDER MIXEP 


1.00 

75000.00 


35.00 

37500000. 0 

90.00 

1.00 

7500.00 

THE* (ML CONTROL UNIT 


7.00 

850.00 


80.00 

425000.00 

99.00 

1.00 

17.00 

HOLD 


7.00 

210CJ.00 

1000. OC 

10500000.0 

90.00 

1.00 

1000.00 

DUTY 

CYCLE • 

0.0591 

REQUIRING 

1 . 

MACHINES ECO » S 

534249472. 



FOAMED GLASS CUTTcF 

L ACGB - 

0 . 

0 EXPEND. 

• 0 

.0 KG/HB AT S 

O./KG 

COMPONENTS 

- 10.0 

EIGHT BLADE SAN 


1.00 

17CQ.Q0 


S.CO 

850000.00 

99,00 

1.00 

0.0 

TRENT* BLADE SAN 


1,00 

4000.00 


12.00 

2006000,00 

99.00 

1.00 

0.0 

HANDLING EQUIPMENT 


1 .CO 

170.00 


5.00 

0500.00 

99.00 

1.00 

0.0 

K EB? B-MCV AL SYSTEM 


1.00 

20.00 


0.50 

1C000.00 

99.00 

1.00 

0.0 

DUTY 

CYCLE ■ 

0.5606 

BEQUI BING 

1 . 

MACHINES BSD • S 

38684992. 




vA <r» vn vn 



A30 



HOHEER 

HASS 

POWER 

PROCUREflENT 1 

DOT I CYC 

EBP* LABOR 


PARTS 

ccc 

LSC 

SB BBT COTTER & SLCTTEE 

LABOB • 0. 

0 EXPt.O. « 0 

.0 KC/UB AT 1 

O./RO 

COMPONENTS 

• 

20.0 



LA5EP 

14.00 

4900.00 

10.00 

8000000.00 

99.00 

1.00 


75.00 

3. 

5. 

RADIATOR AN D PUflP 

1,00 

20.00 

1.00 

10000.00 

99.00 

1.00 


1.00 

2. 

5. 

CONVEYOR E f LI SISTEfl 

1.00 

no. oo 

5.00 

8500.00 

99.00 

1.00 


5*00 

1. 

5. 

DUTY 

CYCLE * 0.9001 

REQUIRING 

2. MACHINES BCD - $ 

100164992. 






FOAHED OLA SS SMOOTHER 

LABOB - 0. 

0 EXPEND • - 0 

.0 KG/HR AT $ 

O./KG 

COMPONENTS 

m 

20.0 



SMOOTHING LASER 

2.00 

4000.00 

10.00 

8000000.00 

99.00 

1.00 


75.00 

3. 

5. 

RAOXATca ANR PUflP 

1.00 

40.00 

. 1.00 

20000.00 

100.00 

1.00 


2.00 

2. 

5. 

CCNVtYOR BUT ST STEF 

1.C0 

210.00 

5.00 

105000.00 

99.00 

1.00 


5.00 

2* 

5. 

DUTY 

CYCLE « 0*5699 

REQUIRING 

3. imciims iso • $ 

101250000. 






BA VEGUIDE DV CP AL 

LABOR - 0. 

0 EXPEND* » 0 

.0 KG/HB AT S 

Q./KO 

COBPONSNTS 

m 

10.0 



ED GUN 

5.00 

17.00 

17.00 

34000.00 

99.90 

1.00 


0.44 

3. 

5. 

GUN CCCLIMG SYSTEfl 

5.00 

20.00 

0, 30 

10000.00 

99.90 

1.00 


0.0 

2* 

5. 

SLAB FEiCEBS 

5.00 

50.00 

0.01 

100000.00 

99.90 

1.00 


50.00 

3* 

5. 

b \FPLES 

4.00 

0.25 

0.0 

12.50 

99.00 

1.00 


:s.oo 

1. 

5. 

BELT G COOLING STSTEB 

1 ,00 

500.00 

2.00 

250000.00 

99*50 

1.00 


0.0 

2. 

5. 

DUTY 

CYCLE « 0. 9950 

REQUIRING 

3. flACHINES R&D • S 

13940135. 






WAVEGUIDE PACKAGER 

LABOR - 0. 

0 EXPEND* - 0 

.0 KG/II& AT $ 

O./KG 

COUPON ENTS 

m 

10*0 



HANDLING ELOIFAINT 

1.00 

ICO. 00 

5.00 

200000.00 

99.00 

1.00 


5.00 

3. 

5. 

WAVEGUIDE RACKS 

850.00 

10.00 

0.0 

181.37 

99*90 

1.00 


250.00 

1. 

5. 

QUALITY CCNTRCL 

1 .00 

SO. 00 

5.00 

100000.00 

99.00 

1*00 


0.0 

3. 

5. 

DOTY 

CYCLE * C.9Q01 

8100XBINJ 

3. HXCIIINKS PCD « t 

13005000* 






WAVEGUIDE ASSEMBLER 

LABOR • 0. 

0 EXPEND. « 0 

.0 KG/11 R AT $ 

O./KG 

COHPONENT8 

m 

20*0 



ASSEMBLY AfiflS 

8. CO 

10.00 

1.00 

20000.00 

99.00 

1.00 


25.00 

3. 

5. 

INTERIOR GUIDE 

2.00 

15,00 

0.0 

7500.00 

100.00 

1.00 


0.0 

2. 

S. 

LASER 

4.00 

4000.00 

10.00 

800(000.00 

99.00 

1.00 


75.00 

3. 

5. 

RADIATOR AND PUflP 

1.00 

80.00 

4.00 

40000.00 

99.00 

1.00 


4.00 

2. 

5. 

DUTY 

CYCLE « 0.9900 

REQUIRING ' 

12. flACHINES ROD • $ 

100674992. 








A3 1 


number 


fuss 


PONfcR PROCUREMENT DOJI CfC 


UP. HBOt PARTS CCC LRC 


PERSC MH EL LOCKING RICH • 

LA COR 

» 0.0 

EXPEND. 

- 0.0 KG/MB AT S 

O./KO 

COMPONENTS 

m 

10.0 



DOCKING MECHANISM 


1.00 

1000.00 

1.00 500000.00 

99.00 

1.00 


50.00 

2. 

5. 

DOT I 

CYCLE 

- 0.9900 

REQUIRING 4. 

MACHINES 06D - f 

15000000. 






PRESSURIZED TUNNEL 

LAGOA 

• 0.0 

EXPEND. 

« 0.0 KG/HR AT S 

0,/KG 

COMPONENTS 

m 

10.0 



THE TUNNEL 


1.00 

5000. 0C 

0.10 2500000.00 

99.00 

1.04 


250.00 

2. 

5, 

AIRLOCKS 


5.00 

5000.00 

0.50 2500000.00 

99.00 

1.00 


0.0 

2. 

5. 

CUTT 

CYCLE 

« 

o 

a 

*c 

sC 

o 

o 

REQUIRING 

MACHINES B6D * $ 

/ ooooooo. 






CARGO DOCKING MECH. 

LABOR 

• 0.0 

> EXPEND. 

- 0.0 KG/HR AT I 

O./KO 

COMPONENTS 

m 

20.0 



RETENTION LATCHES 


4.00 

100.00 

0.10 200000.00 

99.00 

1.00 


5.00 

3. 

5, 

SIRUCTJbE C DAMPING 


1.00 

1000.00 

0.-' 900000. 00 

99,90 

1.00 


0.0 

2. 

5. 

DUTY 

CYCLE 

- C.9i9C 

PEQUUING 2. 

RACINES FGD « $ 

3 1000000* 






LOAD-UNLOAD MANIPULATOR 

LABOR 

* 1.000 EXPEND. 

» 0.0 KG/UR AT 1 

0./XG 

COMPONENTS 

m 

50.0 



MANIPULATOR ARM 


1- CO 

5000.00 

10. CO 10000000.0 

95.00 

1.00 


250.00 

3. 

5. 

Cfi L V CPIBATING STATION 

1.00 

2000.00 

1,00 4000000.00 

99.00 

1.00 


100.00 

3. 

5. 

DUTt 

CYCLE 

* C.S4C5 

REQUIRING 4. 

MACHINES BCD • $ 

19 0000000. 






0AGVZTIC TBARSPCBTEB 

LABOR 

- 0,0 

EXPEND. 

• 0.0 KG/HR AT S 

0,/KG 

COMPONENTS 

m 

50,0 



FBAML 


1.00 

50. UO 

0.0 1457.19 

99,90 

1.00 


2.50 

1. 

5. 

UlGH PERMEABILITY PLUG 

4.00 

6.00 

0.0 1301.34 

100.00 

1,00 


0.0 

2. 

5. 

TEKLCN SKiCS 


6.00 

1.00 

0.0 207.49 

99.90 

1,00 


0.20 

2. 

5. 

CCNTAINEA 


t.oo 

JO. 00 

0.0 6499.17 

99,50 

1.00 


1.50 

2. 

5. 

DUTY 

CYCLE ' 

■ 0.9990 

REQUIRING 130. 

MACHINES ROD • $ 

50210000. 






TRANSPORTER TRACK 

LABOR 

« 0.0 

EXPEND. 

- 0.0 EG/II R AT S 

O./KO 

COMPONENTS 

m 

10.0 



TRACK 


4.00 

5000.00 

■ 0.0 450000.00 

99.90 

1.00 


90.00 

1. 

5 . 

MAGNETIC DBITErS 


1260.00 

20.00 

0.01 6033.80 

99.90 

1.00 


1.50 

2. 

5. 

EU5SI ARS 


2.00 

450C0.00 

0.0 2250000.00 

100.00 

1.00 


0.0 

1. 

5. 

ROUTING CCNTPCL 


1,00 

2000.00 

11.00 4000000.00 

99.00 

1.00 


100.00 

3. 

5. 

DUTY 

CYCLE i 

« 0.9900 

REQUIRING 1. 

MACHINES ROD - $ 

77150000, 






INTERNAL STORAGE DEVICE 

LABOR 

- 0,0 

EXPEND. 

» 0.0 KC/HB AT I 

O./KO 

COMPONENTS 

m 

10,0 



DOST C C0XTR01 CIBCOIT 

1.00 

200.00 

1.00 100000.00 

99.00 

1,00 


10.00 

2. 

5. 

CONTAINER TUBES 


Q.CO 

JO. 00 

0.0 15000.00 

99.00 

1.00 


1.50 

2. 

5. 

PUSH ARM 


1.00 

150.00 

1,00 75000.00 

99,00 

1.00 


7 #50 

2, 

5. 

DUTY 

CYCLE • 0.SPC1 1 

REQUIRING 0. 

MACHINES BCD » S 

11900000. 






PEPAIB AUTC BATONS 

LABOR 

- 0.0 

EXPEND, 

• 0.001 KO/HR AT 9 

20. /KC 

COflPONENTS 

•100.0 



AUTOMATIC REPAIR DEVICE 

1.C0 

200.00 

5.00 2000000.00 

60.00 

1.00 


0.0 

k , 

5. 


DOT I CfCLI • 0,8000 SIQUjftlJK) U« MACHINE f ISO • I 120000000. 




sums* 

I? 6 D 

NC H B £C U H E£ NG CCSTS 
PSOCOBJi.lfiNr 

S$**j$$S 

T8ANSP0BT 

POME® 

TOTALS 

THERMAL BELT 

39250000 . 

403567616. 

140979984. 

29431488. 

572285440. 

DV OF A L BEAR CONTACT 

1 1853224. 

4CG63088. 

43256U9. 

4589564. 

58048944. 

DV OF SI AND P- 10 P A NT 

29413 3 12 • 

483501560. 

68170816. 

133704560. 

67331C976. 

PULSE RECPYSrALLIZATIOM 

lOOobO 192. 

11522491. 

1 172526. 

2660035. 

115080704. 

SCAN RECRYSTALLIZATION 

10038C192. 

6311043. 

640527. 

686923. 

107696720. 

N-DOPANT I MFLA NTATIC N 

10500000. 

12350027, 

1329999. 

2582997, 

25734432. 

ANNEAL 

10380199. 

63 11 843. 

640527. 

590546. 

17400368. 

DV OF AL FRCNT CONTACT 

22813216. 

333457409. 

36475072. 

7703553. 

372635648. 

FROM CONTACT SINIERING 

10J80199. 

6311843. 

640527. 

295641. 

17105456. 

CELL CROSSCUT 

1C4C5C00. 

5577291 . 

587860. 

1839468. 

17946064. 

CELL INTERCONNECTION 

20745480. 

10807879. 

1606638. 

2278658. 

34505216. 

DV SI 02 OPTICAL COVER 

132740816. 

845030912. 

185912672. 

169908160. 

1256077020. 

DV OF S 102 SUBSTRATE 

337408 16. 

599330 304. 

127089696. 

114727056. 

820269024, 

PANEL ALIGN C INSERT 

21820496. 

34692384. 

7756555. 

10532290, 

71610620. 

PANEL INTERCONNECTION 

1C7705C0. 

11 150460. 

1739638. 

5218864, 

27910272. 

L0NGITUD1 NAL CUT 

10405000. 

5577 291. 

587860. 

1839468. 

17946064. 

KAPTON TAPE APPLICATION 

2604 1C 80 . 

131546. 

40658. 

627288, 

20827616. 

ARRAY SEG. FOLC S PACK 

101U7750. 

375424. 

04455. 

200417. 

10923045. 

TELEOPEEATOR 

1C7CCGC00. 

17400000. 

270000. 

106920. 

2047769 12. 

CRAWILT SYSTEM 

127750000. 

130083104. 

2451600C. 

6024764. 

288373760. 

ZCNL REFINER 

134907408, 

Q3 390 73U. 

13220331. 

53793072. 

205379584. 

MASK CLEANUP DEVICE 

1G0254S92. 

996196. 

1775CC. 

1001916. 

102550576, 

DV OF INTERCONNECTS 

22125504. 

12076 095. 

1 377199, 

5J57177. 

41735936. 

LIQUID AL PIPELINE 

20C67480 . 

229CC0. 

4580C . 

840. 

20343 104. 

IRON PIPELINE 

20107408. 

37250. 

7450. 

6. 

20152176. 

AL ALLOYING FURNACE 

58400C00 . 

2520000. 

364500. 

9235394, 

70519888. 

IRON ALLOYING FURNACE 

584C0CC0. 

840000. 

121500.* 

3078464. 

624J9952. 

CONTINUOUS CASTER 

23054992. 

614000. 

1700C0. 

446925. 

2 4253904. 

AL SLAB CUTTER 

11CCOOOO. 

200000. 

10000. 

296911. 

11506911. 

AL DIE CASTER 

105250000. 

17524992. 

3S50000. 

676268. 

127001248. 



A3 3 


NCNRECUR R ING COSTS 
R S C PROCUREMENT 


FE DIE CASTER 

TRAHSP01IBLR COPE CASTEB 

RCILI KG BILE 

END TRIM/WELD/ROLL HIND 

SHEET TRIMMER 

R I D £30 N SLICER 

RIDDCN TRIMMER 

STRIATOR 

FORM PCLLEP 

KLYSTRON BAE. ASSEMBLY 
DC-DC CCNV. PRODUCE B 
INSULATION WINDER 
GLASS FIBER PRODUCER 
DC CONV. RAD. ASSEMDLY 
KLYSTRON PLANT 
GLASS PCAMING FACILITY 
FOAMED GLASS CUTTER 
SHEET CUTTE1 6 SLCTTER 
FOAMED GLASS SMOOTHER 
WAVEGUIDE D V OF A L 
WAVEGUIDE PACKAGER 
WAVLGUIDE ASSEMBLER 
PERSONNEL DOCKING MECH. 
PRESSUR I Zi D TUNNEL 
CARGO DOCKING MECH. 

LO A D- UNLOAD MANIPULATOR 
MAGNETIC TRANSPORTER 
TRANSPORTER TRACK 
INTERNAL STORAGE DEVICE 
REPAIR AUTOMATONS 

TOTALS 


35524992 . 

1552 500 

7*3 2 50 0 00 * 

5525000 

156050000. 

14005000 

1341CCCG. 

27454160 

10460000. 

70000 

4S4GC992. 

3545896 

1G-1COQOO. 

30000, 

2CC COGCG . 

1 000000 

2 1(130000. 

10JCC9 

2 C4 00 0 00 . 

2004040 

JCGCOCCQ. 

2000000 

12500000. 

2 OCO 000, 

13222750. 

26 9 5(3 73 o 

2 1734992. 

372500 

1C249S994Q . 

152 5COOOO 

534249472. 

113974992 

36064592 . 

2868500 

100 1649^2. 

2 2403O492 

101250000. 

40174992 

13040 125. 

2 910 14 9 

13005000* 

1 3 1>2 49 8 

100674992 . 

306579712 

15GC0Q00. 

2000 000 

6CCC0GCC . 

3CCC0600 

31000000. 

3400000 

19CCCOOOO. 

56000000 

502 10000 * 

t 107676 

77 1 50 C GO • 

18023248 

11900000. 

2360000 

120000000. 

84C00000 

5045J13540. 

4300349440 


(COHT.) }*$$*$$$ 


TRANSPORT 

315000. 

1150000. 

10720000. 

160124800. 

0400. 

7020000. 

3000. 
2000000 . 
3 3 9 C 0 • 
445200. 
400Q00. 
400000. 
1634UG0. 
50500. 
30500000. 
22704092. 

589C00. 

11230000. 

2475000. 

2U0U00. 

7505000. 

19420000. 

400000. 

6000000. 

4400C0. 

2800000. 

3406000. 

16640000. 

472000. 

840000. 

944832512 . 


POWER 

66951. 

323433. 

901024. 

395422. 

122022 . 

6452‘JO. 

11535. 
148500. 
100663. 
1942202. 
7351. 
45600. 
1580516. 
1 48485. 
95999968. 
20485968. 
64840. 
858566: 
231637. 
792963. 
88209. 
1853276. 
11800. 
15444. 
2398. 
124146. 
C*. 

67711. . 
47045. 
504000. 

697467904 . 


TOTALS 

37459424. 
82240416. 
1925(6000. 
209364 366. 
10668 '• 22. 
5662G120. 
10344934. 
23148496. 
22147720. 
25752 J20. 
32407344. 
14945600. 
37396764. 
22312464. 
1903999490. 
69 1 504 056 . 

42207312. 
336318208. 
1523316 16. 
17924016. 
17050704. 
508535552. 
17411072. 
960 15440. 
34042384. 
248924144. 

59803664. 

111880960. 

14779044. 

205343984. 

10732580900 . 



1111**1$ RECURR1 MO COSTS iitlttlt 



OPEBAllNr 

EXPEN 

DADLES 


REPAIR 


TOTALS 


LABCh 

FROCUBtNENI 

TRANSPORT 

LADOR 

PROCUREMENT 

TRANSPORT 


TUEBSM BEIT 

0. 

252470, 

1102379. 

100101. 

20178368. 

9516148. 

28844400. 

D V OP AL H E A3 CONTACT 

0. 

116J54. 

1103541. 

55416. 

203J15S. 

291984. 

3385229. 

OV cr SI AND 2-DOFAMT 

0. 

1 16471. 

1164709. 

591557. 

24175068. 

4601531. 

28344896. 

PULSE HECn If SIALLIIATIOK 

0. 

116471. 

1 1u4 707 • 

32032. 

576124. 

79145. 

1620472. 

SCAN PECKYST&LLIZATICN 

0. 

116471. 

1164707. 

32032. 

315592. 

43236. 

1546319. 

N-DOFANr IMPLANTATION 

0* 

400 J50. 

233175. 

16016. 

617501. 

89775. 

1315038. 

ANNEAL 

0. 

116471. 

1164707. 

32032. 

315592. 

43236. 

1546319. 

C? OF AL 2FCNT CONTACT 

0. 

1 164707. 

11647082. 

151113. 

16672924. 

2462121. 

29684560. 

FRONT CONTACT SINTERING 

0. 

1 10471. 

1164707. 

32032. 

315592. 

43236. 

1546319. 

CELL C BC S SC ill 

0. 

29*595. 

1102379. 

48049. 

276864. 

39660. 

1682757. 

CELL IJ.iCECLNNECTICN 

0. 

34037. 

232244. 

172174. 

540 394. 

100446. 

1004265. 

LY SIC2 OPTICAL CCVEB 

0. 

231 780. 

2317790. 

635164. 

42251552. 

12549110. 

538 10560. 

DV CP SI 02 SUUSinATE 

0. 

251780. 

23 17796. 

583549. 

29966560. 

0578563. 

36544540. 

PANEL A LION S I 35 EFT 

0. 

3490G. 

2J27C9. 

1205217. 

1734618. 

523560. 

3450492. 

PANEL INTERCONNECTION 

0. 

34037. 

232244. 

172174. 

557523. 

117425. 

1030428. 

LONG ITU DINA?. C'iT 

0. 

290695. 

1 162379. 

46049. 

270064. 

39600. 

1602757. 

K A PTC N TAPE APPLICATION 

0. 

34076. 

233171. 

89210. 

6577. 

2744. 

339109. 

Al[ AY GiG. POLO G PACK 

0 

J4-J70. 

233176. 

95096. 

10771. 

5701. 

387720. 

TtlECPLFATCS 

0, 

0. 

0. 

06225. 

1739999. 

36450. 

1042673. 

C h A N L E << SYSTcft 

0. 

1736. 

0677. 

1791093. 

9099153. 

2225474. 

13126132. 

CONE KEFINEP 

0. 

104877. 

524303. 

651563. 

553127. 

100502. 

1934530. 

MASK CLEANUP DEVICE 

0. 

0. 

0. 

835351. 

15352445. 

1104624. 

17372416. 

DY OF INXLRCC NN^CTS 

0. 

874. 

4370. 

37632. 

6013995. 

2959460. 

9016338. 

LlOUlt AL PIPELINE 

0. 

0. 

0. 

373270. 

103000. 

27610. 

504080. 

IRC N PIPELINE 

0. 

0. 

0. 

30102. 

20250. 

7627. 

65680. 

AL ALLOY I !IG FUFNACE 

0. 

0. 

0. 

108369. 

915000. 

64800. 

1088168. 

IRON ALLOYING FU3NACE 

0. 

0. 

c. 

3 6123. 

305000. 

21600* 

362723. 

CONTINUOUS CASTER 

0. 

0. 

0. 

66225. 

27900. 

5670. 

99795. 

AL SLAB CUTTER 

0. 

0. 

0. 

18061. 

15200. 

1026* 

34287. 

AL DIE CAST fcfi 

7375a. 

0. 

0. 

63215. 

875000. 

236250. 

1248223. 



h ECU BEING C0S"1 (CONT.) SSWfSS 



OPBBAUNC 

EXPENDABLES 


REPAIR 


TOTALS 


LA BCR 

f ROCUfi ErtXNT 

TRANSPORT 

LABOR 

procurehevt 

TRANSPORT 


ft Clf CAST EB 

71031. 

0. 

0. 

9031. 

0 . 

0. 

820 52. 

TPAN5P0KMER CORE CA3TEB 

11801. 

0. 

0. 

6020. 

275000. 

74250. 

3&7C72, 

60LIIAG KILL 

0. 

1414. 

7069. 

63215. 

402750. 

352350. 

826797, 

E * 0 Th.M/MELO/fiOLL VINO 

0. 

0. 

0. 

36123. 

519094. 

4059821. 

4615038, 

SHEET TRIrtlSR 

0. 

0. 

0. 

24062 . 

7140. 

786. 

32008, 

RIBflCN SLICES 

0. 

0, 

0. 

322096, 

54000. 

1 36080. 

512176, 

H I BLK N TEl Xl9&’t 

0. 

0. 

0. 

9031. 

2880. 

397. 

12308, 

5 T F I AT C 3 

0. 

0. 

0. 

3010. 

50000. 

135000. 

1680 10, 

PC P 1 ICLLLI 

0. 

0. 

0. 

12041. 

77630. 

20579. 

1 10250, 

KtYSTRC** ‘U. A S3 E JIB LT 

0. 

0. 

0. 

2739314. 

276414. 

46393. 

3064121, 

CC-CC CC'i/, FTC DJCia 

59007. 

69 . 9 760. 

69419760. 

6020. 

150000. 

40500. 

139095024, 

INSULATION JlMJER 

0. 

0. 

0. 

120410. 

100000. 

27onc. 

247410, 

GLASS f i&ll RPCDJCER 

0. 

0. 

0. 

1597548. 

936656. 

110396. 

2644840, 

DC CCNV. R AO. ASS tSBLT 

0. 

0. 

0. 

183625. 

29475. 

3179. 

216279, 

KLYSTi'O'f PL.NT 

0. 

87659952, 

350639616. 

60205. 

7649997. 

2065499. 

448074752. 

5 L ASS PCANINS PACILITT 

27065 1. 

133980. 

13398550. 

261U91. 

7309494. 

1973564. 

233461 12. 

POA-.EC Gi.ASS CUTTER 

0. 

0. 

0. 

1204 1. 

0. 

0. 

12C41. 

SHE, 1 C 'J T I E f* 6 StCTTIK 

0. 

0. 

0, 

9632B. 

4201490. 

205120. 

4582544, 

FOA IE C GLASS SMOOTHER 

0. 

0. 

0. 

27092. 

910500. 

63585. 

1001177, 

WAV< uUJDc OV U \ L 

0. 

0. 

0. 

54106. 

1522199. 

126441. 

1702824, 

WAVfiUICL r.’.CKAGLP 

0. 

0. 

0. 

785755. 

11592463. 

86064612. 

98442720, 

•AV^SUIul ASSEIUHER 

0. 

0. 

0. 

469598. 

12024000. 

3 1648 c. 

13310076, 

PEPSCNNEi. CCCKXKvI ftECH. 

0. 

0, 

0. 

12041. 

100000. 

27000, 

135041, 

?B ISSUE I El D TUN II EE 

0. 

0. 

0. 

36123. 

250000. 

67500. 

353623, 

CAP SC DAKINS ELCH. 

0. 

0. 

0. 

24684. 

80000. 

54CQ. 

1 10084, 

LOAD-UNLOAC MANIPULATOR 

U32451. 

0. 

0. 

72246. 

2800000. 

189000. 

4193697, 

MAGNETIC TPAMSFCRIEfl 

0. 

0. 

0. 

1526229. 

305837. 

229905. 

20R 1570, 

TRAhStOPTEP 1R ACK 

0 . 

0 . 

0. 

309566, 

604163. 

321300. 

1315029- 

INTERNAL ST Of AGE CEVICI 

0 . 

0 . 

0 . 

2400 19. 

118000. 

31660. 

390679, 

REPAIR AUTOMATONS 

0 . 

589 1* 

29454. 

2528604. 

0. 

0. 

2563648, 

TOTALS 

1620690. 

161109984. 

462185216. 

20097152. 

228210608. 

143282448* 

1000278020. 
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TCTAL DIRECT NON-RECURRING COST *110732500900. 

TOTAL DIRECT RECURRING COST =t 1000278020. 

TOTAL DIRECT PRODUCTION HASS (KG) * S44B325. 

TOTAL DIRECT PRODUCTION POWER (KW) * 222409. 

TCTAL DIRECT PRODUCTION CREW = 216. FECPLE 

TOTAL SUP CREW * 433. 

CREW TRANSPORT HASS = 173151. KG, CONSUMABLE HASS * 131140. KG 
CREW TRANSPORT COST** 779U080. CCNSUHIELFS COST* 13114043. 

CREW TRAINING COSTS =3 21643920. 

SUPPORT CREW WAGES = 3 65153504. 

SUPPORT EXPFNUAL’LFS TRANSFCI.T COST = 3 0. 

HABITAT HASS (KG) * 1315950. 

H A El TAT POWER <KW) * 3896. 

RED AND T' no CURE HE AT CCS” CP IIACITA1 (S) * 500594686. 

TRANSPORT COST OF HABITAT (3) * 1 Jli 4992. 

POWLP COST CP HABITAT (3) = 11607717. 

NONRECURRING COST CP NCHPRCCUCTICK SHE *3 50000000. 

TOTAL SNF HASS (KG) = 15UU126. 

TOTAL SHP POWER (KW) = 237385. 

SHE SUPPORT TRANSPORT COST =3201000000. 

SHP SUPPORT POWLR COST = 3 2CCCC0C. 

SETUP COSTS =3 3906410. FOR 8. PEOPLE 


$3333333 

31333333 


DIRECT COSTS: 
INDIRECT COSTS: 


NONRECURRING *$10732580900,, RECDBBING ■$ 
NONRECURRING = $ 907963392., RECORBING •* 


1000278020. 

177829S36. 


13333333 SHE LIFE CICLE COSTS** 21670486000. 

DISCOUNTEC AVERAGE SPS COST** 1083524100. 


33333333 



A. 2: PROGRAM SPSLP 

(LINEAR PROGRAMMING OPTIMIZATION 
OF SMF BUILDUP SCENARIO) 


LISTING 

DATrt 

OUTPUT 
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C* LP OPTIMIZATION OP SPS PRODUCTION OPTIONS 

C* H.I.T. SPACE STSTEHS tAD 

C* APBIL 11, 1979 

C* PRODUCED UNDER CCNT8ACT TO TUB NASA MARSHALL SPACE PLIGHT CENTER 

C* 

C* 

c* 
c* 
c* 
c* 
c* 
c* 
c* 
c* 
c* 
c* 
c* 
c* 
c*~ 


THIS PBCGEAH SETS UP A 64 X 100 SIMPLSX TABLEAU FOB THBEE 
COMPETING ENERGY OPTIONS: 

1) SOLAB PCUEB SATELLITES PBEPABBICATED CN EABTH 

2) SCLAB POWER SATELLITES PECDOCED IN SPACE FBOH LONAB MATERIAL 

3) GROUP D-EASI D POBEB PRODUCTION IN THE SAME TIME FBAHE AS SPS 
THE TWO SPS OPTIONS HAVE ASSOCIATED RESEARCH AND DEVELOPMENT COSTS, 
NBICH THE GHCUHD-BASED OPTION DOES NOT HAVE, THE LP OPTIMIZATION 
CHOOSES BO CGE7ABY ALLOCATIONS FOR A -20-YBAR ENEBGT PBOGBAH 

ONDEB THE FOLLOBING ASSUMPTIONS: 

1) XEABL1 INVESTMENTS ABE LIMITED 

2) INVESTMENT CAPITAL IN A GIVEN TEAB MAX EE AUGMENTED FBOH 
PROFITS OP THE PBEVIOUS XEAB 

3) THE OBJECTIVE FUNCTION IS TO MAXIMIZE THE NET PBESEHT VALUE 
OF THE NET PBOFITS 


‘SPSOOO 10 
SPS0092C 
SPS00030 
SPSOQOUO 
SPS 00050 
•SPS00060 
SPS00070 
SPS00080 
SPS00990 
SPS00100 
5PS00110 
SPS00120 
SPS00130 
SPS00140 
SPS00150 
SPS00160 
SPS00170 
SPS00180 
SPS00190 
SPS00200 
•SPS00210 


c* 

YAHI ABLE 

DEFINITIONS: 

SPS00220 

c* 

BE 

BSD COST OF EABTH-SUPPLI SPS 

SPS00230 

c* 

GL 

BSD COST OF LUNAB-SUPPLX T ' 

SPS00240 

c* 

CE 

PRCDOCIICS COST OP AM EAB r * l-SUPPLT SPS 

SPS00250 

c* 

CL 

PRODUCTION COST OF A LUNAB-SUPPLX SPS 

SPS00260 

c* 

CG 

PECCUCTICH COST FOR 10,000 MB GROUND-BASED POBEB STATION 

SPS00270 

c* 

BH 

YEAFLY HO y ETABY BETliRN FBOH OMB SPS 08 SQUIVALEHT 

SPS00280 

c* 

E 

DISCOUNT BATE 

SPS00290 

c* 

SPSflAI 

MARKET LIMIT ON POBEB STATIONS 

SPS00300 

c» 

til) 

BUDGET ARI ALLOCATION FOR XEAB I 

SPS00310 

c* 

A 

TABLEAU flATRIX 

SPS00320 

c* 

9 

CONSTRAINTS 

SPS00330 

c* 

C 

COEFFICIENTS OF OBJECTIVE FONCTIOM 

SPS00340 

• cocrtm c a 



w ^ * ***** * *** 

OriyuJ DU 

c* 

DAVID I* 

AKIN APBIL 11, 1979 

Si S00360 

c** 



♦SPS00370 


DIMENSION A (65, 100), B »55),C{190) ,PSOL(100) ,DSOL (65) ,BH (4418) , 

SPS00380 


♦IB (193) 

, X ( 20) 

SPS00390 


BEAT '5. 

101)RE,BL,CE,C L,CG,BB,B,SPSHAX,CH2CK 

SPS00400 


BEAD (5, 

102) (X (I), 1*1, 10) 

SPS004 10 


BEAD (5, 

102) ( Y {11 ,1*11,20) 

SPS00420 


BR1TE(6 

,201) RE, 81 

SPS0043C 


B BITE (6 

, 20 2) CE,CL,CG 

SPS00440 


HBITE (6 

,203) BB 

SPS00450 

C* 



SPS00460 

c* 

IN IT2AIIZE TABLEAU ABBAT 

SPS00470 

c* 



SPS00480 


DO 1 1= 

1 # 65 

SPS00490 


DO 1 J*1,100 

SPS00500 

1 

A(I.J)* 

0. 

SPS00510 

c* 



SPS00520 

c* 

CONSTRAINT TO PAX BSD ON EABTH-SOPPLX SYSTEM 

SPS00530 
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c* 

BO 4 1*1,20 
00 2 J*1,I 

2 A (I,J) *- 1./BB 
A (1,1*40) * 1. 

ir (I, EQ. 1) CO TO 4 

m*i-i 

00 3 K* 1, K 1 

3 A (I,K+40)*-1 . 

4 B (I) *0« 

C* 

C* CONSTBAI BT 1C EAT BSD OB L0NAB-SUPPL1 STSTSS 

C* 

DO 7 1*1,20 
CO 5 J*1,I 

5 A (I+20,J*2C) »- 1./BL 
A (1*20,1 *60) *1, 

IP |I. £0- 1) GO TO 7 
111 * 1-1 
00 6 M1,K1 
8 A(I+20,K + 60)=-1. 

7 B(I+20)=0. 

C* 

C* CONSTRAINT FCR TEABLT B0D6BT 

C* 

DO 9 1=1,20 
A (1*40,1) * 1 . 

A (1 + 40,1 + 20) * 1. 

A (1 + 40,1+40) *C E 
AC + 40,I + tC)=CL 
A (1 + 40,1 + 80) =CC 
IP (I. Ew. 1) GO TO 9 
K 1*1-1 
DO 8 R*1 , R 1 
A (1 + 40, K + 40) *-BR 
A (I + 40,M60)*-8B 

C* TAKE OUT THE FOLLOWING LINE TO DECOOPLB CBOOND-BASBC PBOPITS 
A (I + 40,K + 80)=-BR 

8 CCNTINOf 

9 B|I+40)=I (I) 

c* 

C* CONSTRAINTS CN BOBBER OP SPS+S AND BSD SPENDING 

C* 

DO 10 J= 1, 20 
A (6 1, J + 40) *1. 

A(61.J+6C)=1. 

A (61 ,J + 80) *1 . 

A (62, J) * 1. 

10 A(£3,J+20)*1. 

B (6 1) * SPSBAX 
B (62) *BE 

B (63) *BL 
C* 


SPS00540 
SPS00S50 
SP500560 
SPS00570 
SPS00S8O 
SPS00590 
SPS00600 
SPS00610 
SPS30620 
SPS00630 
SPS00640 
SPS006SO 
SPS00660 
SPS00670 
SFS00680 
SPS00690 
SPS007 00 
SP50071O 
SPS00720 
SPS00730 
5PS00740 
SPS00750 
SPS00760 
SPS00770 
SPS00780 
SPS00790 
SPS00800 
SPS00810 
SPS00820 
SPS00330 
SPS00840 
SPS00850 
SPS00860 
SPS00870 
SPS00880 
SPS00890 
SPS00900 
SPS009 1 7 
SPS00920 
SPS00930 
SPS00940 
SPS0Q950 
SPS00960 
SPSC0970 
SPS009 tiO 
SPS00990 
SPSO 1000 
SPS01010 
SPSO 1020 
SPS01030 
spsoio40 
SPS01050 
SPS01060 
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C* SET DP OBJECTIVE FOBCTXCB 

c* 

DO 11 1-1,20 
C(I) — (1.46) ••(-!) 

C(I»20) — <1. ♦B)**(-I) 

c(i»«o) -e6*ui.4B)«»(-xi - ( t . *w ** (-M) ) /a-« « (i. ♦») •* hj 

C (1*60) - B8* ( { 1. 4B) •* (-1) - (1. 4B) •• (-40) 4B) •• (-1) 

11 C (1*60) >((1.4B)**(-I|-(1.4BJ**t-«0))/B-CO*(1.4B)**C-I| 

c* 

C* XP CHECK > 1.. PBIHT OOT TABLE AO FOB PBOGBAH VKBIFICATXOB 

C* 

ir (CBECK.BE. 1.) GO TO 15 
DO 12 6-1,5 
J1»20*K- 19 
J2-20*K 

HA1TE (6, 30 1) J1,J2 

DO 12 1-1,63 

12 HBITE ( 6, J02) (A (I,J). J-J1.J2) 

PO 13 6-1,3 

J 1-20*6“ 19 
J2-20-K 

BBITl (6,3031 J1, 32 

13 HBITE (6, 202) (B (J) ,J-J1,J2) 

BO 14 6-1, 10 

Jl-10*K-4 

J2»10*K 

H E1TE ( t, 30 4) J 1, J2 
ID HBITI(6,20&) (C (JJ.J-J1.J2) 

C* 

C* 5UBKOUT: H E CALL TO I8SL SODBOOTIBB PACKAGB FOB BBVISED SXBFLBX 

C* LP OPTISIZATICS BCUTISE 

C* 

15 CALL 2X3IP (4. 65,3, C. 100,63, 0.S.PSOL.DSOL.H8, IB, IEB) 

C» 

C* HBITE OUT LP SUDBCUTINE EBBOB CODE: STOP IF ABBOBBAL 

C« 

HBITE (6,209) JIB 
IF (JIB. BE. 0) GC TO IB 

C* 

C* HBITE C J X OPTIBCB TALUS OF OBJECTIVE FOHCTXOH 

CD 

9BI7E (6. 204) S 

C* 

C* HBITE OUT PHJfliL 00 LUT JOB 

C* 

DC 16 1-1, 10 
1 1- 10* 1-9 
Ii’ 10*1 

HRJTt io, 2 05 ) 11,12 

16 HBITE (6. 206) (PSOL (J) , J-1 1,12) 

C* 

CD BBJ.1E on; DUAL 3CLDTIOB 

CD 


SPSO 1070 
SPSO 1C 8# 
SPS01090 
SPSO 1100 
SPS011 10 
SPSO 11 20 
SPSO 11 30 
SPS01140 
SPSO 1150 
SPS01160 
SPSO 1170 
SPS01180 
SPSO 1190 
SPS01200 
SPSO 12 10 
SPSP1220 
SPSO 12 30 
SPSO 1240 
SPS01250 
SPSO 12b0 
SPS01270 
SPSO 1280 
SPSO 1290' 
SPSO 13<10 
SPS0 13 10 
SPS0 1320 
SPSO 13 JO 
SPSO 1340 
SPS01 ISO 
SPSO 1360 
SPSO 1370 
SPS01J80 
SPSO 1390 
SPSOluOO 
SPS01410 
SPSO 1420 
SPS014J0 
SPSO 1440 
SPS014S3 
SPSO 1460 
SPS01470 
SPS0 1480 
SpSO 1490 
SPS01500 

spso is io 

SPS31S20 
SPSO IS 30 
SPS01S40 
SPS01S50 
SPS01S6Q 
SPS01S70 
SPS01S80 
SPS01590 


A40 



SO 1? 1*1,6 
X 1* 1C*X-9 
12*10*1 

8?XtE( 6, 207) X 1,12 
17 BEXTX (6,206) (CSOL (0) ,j»I1.l2) 

11*61 

12*63 

■ BIT* (6,207) 11,12 

■BITS (6, 209) (DSOL (J) , <9*6 1,63) 

10 STCP 
C* 

C* FOBBAT STAXEBBBTS 
C* 

101 FOBBAT (9F8. 3) 

102 FCBBAT (1CF6.3) 

201 FCBBAT (201, ••••••••• IF OPTXUZATXOB OF SFS BUILD-OP •••••••*•/ 

XABTB SOIF1V 860 CCSt (SB) • «,F6.1/ 

LOB SB SOPPLS B6D COST (SB) ■ *,F6.1) 

202 FCBBAT (/' COBS18UCTICB COSTS: $B FBB 10,000 BB*/ 

♦6X,*XABTB SFS CPTICB * *,F6.1/ 

♦6X, *LDBA8 SFS OFTXOB • *.F6.1/ 

♦61, ’GBC0HD-E ASID OFTXOB * »,F5. 1) 

203 FOBS AT (/• YEA6LT BET0BM FBOB SFS (SB) » «,F8.2) 

209 FOB9AT (///• 0FTXBI2E0 BET PBOFXT (SB) • *,F8.3///) 

205 FOBBAT (/* FBIHAL SO LOTTOS FOB COLOBBS ',13,' TUS0Q6B *,X3) 

206 FOFBATfIX, 10F12.5) 

207 FCB9AT (/• DUAL SOLOTIOB FOB BOBS *,X3,* TBBOOGH *,T3) 
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IfcPTH SQPPiT BSD COST (SB) - 30,0 

UIBAB SUPPLT ECO COST ( 18 ) * 70,0 

CONS Tfc UCTIC N COSTS; SB PER 10,000 08 
SAfiTH SPS OPTICH • 6.0 

LUbAP SPS OPTIOK * 2,0 

GROUNO-eASlO OPTICH ■ 15.0 


TEABLI BfcTUBIf PBOft SPS (SB) • 1.75 
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- 1.75 

- 1.75 

- 1,75 

- 1.75 

- 1.75 

- 1.75 

- 1.75 

- 1.75 

- 1.75 

15.00 

0.0 

0.0 

0.0 

0.0 

0.0 

- 1.75 

- 1.73 

- 1.75 

- 1.75 

- 1.75 

- 1.75 

- 1.75 

- 1.75 

- 1.75 

- 1.75 

- 1.75 

- 1.75 

- 1.75 

- 1.75 

- 1.75 

15.00 

0.0 

0.0 

0.0 

0.0 

- 1.75 

- 1,75 

- 1.75 

- 1.73 

- 1.75 

- 1.75 

- 1.75 

- 1.75 

- 1.75 

- 1.75 

- 1.75 

- 1.75 

- 1.75 

- 1.75 

- 1.75 

- 1.75 

15.00 

0.0 

0 . 0 

0.0 

- 1.75 

- 1.75 

- 1.75 

- 1,75 

- 1.75 

- 1.75 

- 1.75 

- 1.75 

- 1.75 

- 1.75 

- 1.75 

- 1.75 

- 1.75 

- 1.75 

- 1.75 

- 1.75 

- 1.75 

15.00 

0.0 

0.0 



-1.75 -1 75 -1.75 -1.75 -1.75 -1.75 -1.75 -1.75 
-1.75 -1.75 -1.75 -1.75 -1.75 -1.75 -1.75 -1.7S 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

-1.75 -1.75 - 
-1.75 -1.75 - 
1.00 1.00 
0.0 0.0 
0.0 0,0 

1.75 -1.75 
1.75 -1.75 
1.00 1.00 
0.0 0.0 
0.0 0.0 

-1.75 -1.75 
-1.75 -1.75 
1.00 1.00 
0.0 0.0 
0.0 0.0 

-1.75 -1.75 
-1.75 -1.75 
1.00 1.00 
0.0 0.0 
0.0 0.0 

-1.75 -1.7S 
-1.75 -1.75 
1.00 1.00 
0.0 0.0 
0.0 0.0 

15.00 0.0 

-1.75 15.00 
1.00 1.00 
0.0 0.0 
0.0 0.0 


CONSTRAINT CONSTANTS, BOBS 1 18B0UGH 20 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 


CO NSTBAX NT CONSTANTS, BOVS 21 THFOUGB 40 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 


CONSTRAINT CONSTANTS. BOVS 41 THBOOGB 60 
10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 

10,00 10.00 10.00 10,00 

10.00 10.00 

10.00 10.00 

10.00 10.00 

10.00 10.00 


OBJEC7I V E PUBCTICB, COIOMBS 1 THBOOGB 10 

-0.90909 -0.02645 -0.75132 -0.60302 

-0.62092 

—0.56448 

-0.51316 

-0.46651 

-0.424 10 

-0. 36555 


OBJECTIVE FUNCTION, COIOBNS 11 TH80UGH 20 

-0 .35050 -0. 31863 -0.20967 -0.26333 

-0.23940 

-0.21763 

-0.19765 

-0.17966 

-0.16351 

-0* 14865 


OBJECTIVE EDUCTION, COLUF1NS 21 THBOOGB 30 

-0.90909 -0.02645 -0.75132 -0.60302 

-0.62092 

-0.56448 

-0.51316. 

-0.46651 

• 

•0.42410 

-0. 36555 

:> 

OBJECTIVE FUNCTION, COiUBSS 31 THBOOGB 40 

-0.35050 -0.31063 -0.20967 -0.26333 

-0.23940 

-0.21763 

•0.19705 

•0.17966 

•0.10391 

-0. 14065 

CO 

OBJECTIVE FUNCTION, CCLUHNS 41 TU BOUGH 50 

Q.0HJ61 9.13355 8.26004 7.46122 

6.76592 

6.11565 

5.52450 

4.98700 

4.49052 

4.05436 


OBJECTIVE FUNCTICS, COIUBSS 51 THROUGH 60 

3.65061 3.20355 2.54905 2.64649 

2. 37072 

2. 12000 

1.69209 

1.66469 

1.49652 

1,32526 


OBJECTIVE EUHCTICIi, CCLUflHS 61 THROUGH 70 

13.72198 12.43934 11.27331 10.21326 

9. 24962 

6.37356 

7.57714 

6.65312 

0.19493 

5.59656 


OBJECTIVE FUNCTION, COLUMNS 71 THROUGH 80 

5.0526 0 4.55008 4.10052 3.69903 

3.32629 

2.99053 

2,60347 

2,40433 

2.15057 

1.91967 


OBJECTIVE FUNCTION, COLUMNS 01 THBOOGB 90 

1.90379 1.69552 1.50619 1.33407 

1.17760 

1.03536 

0.90605 

0*76649 

0.68101 

0.50446 


OBJECTIVE FUNCTION, COLUMNS 91 THBOOGB 100 

0.49613 0.41564 0.34264 0.27646 

0.21616 

0.16131 

0.11146 

0.06613 

0.02493 

-0.01253 


ZBBOB CODS PB08 IP SOBSOUTXHE » 0 


OPTIOIZID VST PBCPIT (SB) • 750.536 
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PV2BAL SOLOTZOV 

res colq vas 

1 TB80QGB 

10 


0.0 

0.0 

2.25015 

0.0 

0.0 

PBZ9AL SOLUTZOV 

FOB COLON VS 

11 THROUGH 

20 


0.0 

0.0 

0.0 

0.0 

0.0 

PBZBAL SOLUTIOl 

?CB COLURVS 

21 THBOUGH 

30 


9.72222 

9,91867 

2.39050 

0.0 

0.0 

PHZHAL SOLOTIC V 

FCB CCLDBVS 

31 THBOOGH 

40 


0.0 

0.0 

0.0 

0.0 

0.0 

PBZBAL SOLOTZOV 

fCB COLOHVS 

91 THPOKJP' 

50 


0.0 

0.0 

0.07501 

0.15001 

0.30002 

PBI81L SOLOTIC V 

FCB COLOHVS 

51 TBBOOG6 

60 


0.0 

0.0 

0.0 

0.0 

0.0 

PBZBAL SOLOTZOV 

FCB COLOHVS 

61 TB80UGB 

70 


0. 13889 

0.91233 

0.85881 

1.71762 

3.43524 

PBZBAL SOLOTIO V 

POP COLOHVS 

71 TABOO 68 

80 


0.0 

0.0 

0.0 

0.0 

0.0 

PBZBAL SOLOTZOV 

FOB COLOHVS 

81 THBOOGH 

90 


0.0 

0.0 

0.0 

0.0 

0.0 

PBIBAL SOLOTZOV 

FCB COLUBVS 

91 THfiOOCH 

100 


0.0 

0.0 

0.0 

0.0 

0.0 

DDAL SOLOTZOV 1 

FOB BOVS 1 

THROUGH 10 



34. 1 1S 17 

20.53935 

12.09770 

S.63C44 

2.45757 

TUAL SOLOTZOV 

FCB ROUS 11 

THBCUCU 20 



0.0 

0.0 

0.0 

0.0 

0.0 

0OAL SOLOTZOV 

FOB BOVS 21 

THfiCOCH 30 



113. 19992 

56.69492 

28. 57626 

13.75847 

6.39729 

DOAL SOLOTZOV 

FCB BOVS 31 

THBCOGH 40 



0.0 

0.0 

0.0 

0.0 

0.0 

DOAL SOLOTZOV 

FCB BOVS 91 

THBCOGB SO 



2.27136 

0.73692 

0.0 

0*0 

0.0 

DOAL SOLOTZOV 

FCB B0V5 51 

THBOOGH 60 



0.0 

0.0 

0.0 

0.0 

0.0 

DOAL SOLOTZOV 

FOB BOBS 61 

THBOOGH 63 



6.49606 

0.0 

0.0 




0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.60004 

1.20008 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

6*07047 

13.74096 

27.48107 

54.96473 

. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.05493 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.90365 

1.49948 

0.0 

0.0 

0.0 

0,0 

0.0 

0.0 

0.0 

0.0 

2.76060 

1.63221 

0.10757 

0.64124 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0*34655 

0.0 

0.19505 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 



A. 3: PROGRAM SCFCOST 

(PROBABILITY ANALYSIS OF SOLAR CELL 
factor; breakdown and REPAIR REQUIREMENTS) 


LISTING 

DATA 

OUTPUT 
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C ++**** 4 **# t "M ♦ * #* + ****♦*•*•**# *♦ *♦*********#****••♦•♦ 10 

C SCf 00020 

C VARIATION OP PARAMETERS STfl At EG I SCP0C03O 

C FOB A SOLAB CEIL FACTORY AND ITS SOPPCBT EQUIPMENT SCFO0C4O 

C 18 A SPACE MANUFACTURING FACILITY SCF00050 

C SCF 00060 

C CSV ELOPED UNDER CONTRACT TO THE NASA SCF00070 

C MARSUALL SPACE FLIGHT CENTER SCFOOOeO 

C SCF00090 

C MASSACHUSETTS INSTITUTE OF TECHNOLOGY SCFQ0100 

C S PAC Z SYSTEMS LABORATORY SCF00110 

C SCF0C120 

C » — SCF00130 

C SCF0Q140 

C CRAIG A. CAHIGNAN SCF00150 

C AUGUST 14 # 1979 SCF00160 

C SCF00170 


£**•*#**»**»»***♦**♦***+***♦♦*♦*♦*♦##**#+♦♦**♦** *******#*********«*4'***#SCFO0 180 


C* 

c* 

c* 

C* 

€♦ 

C* 

c* 

c* 

C* 

c* 

C* 

c* 

c* 

C4 

c* 

C* 

C* 

c* 

C 4 

C* 

C» 

C* 

C* 

c* 

c* 

C* 

C* 

C* 

C* 

C* 

c* 

c* 

C* 

C* 

c* 


VARIABLE CE FIN ITIONS : 

EKDPLP - NUMBER CF LAST PRODUCTION MAC INE 
NUMEE* OF MACHINES 

NUMBER CF COMPONENT TYPES IN MACHINE I 
- NUMBER OF COMPONENT CLUSTERS IN MACHINE I 

- TIME BETWEEN CARGO TRANSPORT DELIVERIES (YRS) 

EARTH TRANSIT TIME FCR EMERGENCY COMPONENT (HRS) 

- TELEOPESATOR TRANSIT TIME PER REPAIR (HRS) 

- CftAiUEt TRANSIT TIME PER MISSION (HRS) 

- CEL AY TIME FOR CRAWLER IN RESPONSE TO PRIORITY 
MISSIONS (HRS) (DOES NOT INCLUDE TRANSIT TIME) 

PERSONNEL SHUTTLE TRANSPORT COST ($/KG) 

- O A E G ^ TRANSPORT COSTS (S/KG) 

STOCK ON BCARC RATION (RATIO OF STOCK KEPT TO 
YYFYCTSC NUMBER CF REPAIRS) 

* APPROXIMATE NUMBER OF STRIPS 
CRAWLER ARP TELEOPERATOR UTILIZATION FACTOR 
UTILIZATION FACTOR TOLERANCE 
FRACTION OF TIME CRAWLER SPENDS LOADING AND UNLOADING 
RATIO Cl AUTOMATIC TO HUMAN REPAIR TIMES 

- HAE HAT R6D COST ($) 

- HABITAT MASS/PEHSOtl (KG/PERSCN) 

- HAtlTAT COST (S/KG) 

- HABITAT PC W EL (KW/PEKSCN) 

- SCLAR POWER ARRAY COST (i/KW) 

- SOIAR POWER ARRAY MASS (KG/KW) 

- PEtiSC N NEL WAGE ($/HR) 

- TRAINING COSTS (S/PERSON) 

- CCNSUMABLlS (KG/PLRSON-HR) 

- CCNSUMAELLS COST (S/KG) 

- CREW MASS (KG /PERSON) 

ROTATIONS OF CREW PER YEAR 

- DAYS REQUIRED TO SET UP THE SCF 

- SET-UP PR0DUC1IVIT': (KG/P ERSON-HR ) 

SUPPORT CREW RATIO (TOTAL CREW/PRODOCTION CREW) 


NO MACH - 
NCT(I) - 
NC CL US (I) 
DELl^ - 
ATT * 
TRAN T 
TRANC 
DELAY 

TPiR 
TCAaGO 
SO DR 


ANSTR? 

UF • 

OPT - 

LP - 

AH - 

UAERD 

HA3KG? 

HA DO KG 

LiASKW? 

SPADKW 

SPAGV 

WAGE 

TRAIN 

CONSUM 

CCNCST 

ASTMAS 

BOTTR 

DAYS 0? 

SUPROD 

SCR - 


SCF00190 
SCF 002 00 
SCF00210 
SCFOO220 
SCTQ0230 
SCP00240 
SC FO 0250 
SCF 002 60 
SCF00270 
SCF0028C 
SCFOO290 
SCF00300 
SCF00310 
SCF00320 
5 F00330 
SCF00340 
. SCF00350 
SCFC0360 
STOCKSCF003 70 
SCF00380 
SCF 00390 
SCF00400 
SCF0D410 
SCF004 2^ 
SCFOOwTil 
SCFOO H* 
SCF004bv 
SCf 00460 
SCF00470 
SCF004H0 
SCF00490 
SCF00500 
5CF00510 
SCF00520 
5CP0053C 
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C* S ESI IP - SUPFChT E'jOIPHENT REPAIR STAFF OH DUTY 

C* FLCT - BAXI8UN POWER FLUCTUATION FROB AVEBAGB (FB ACTIO B) 

C* LIFE - SCF LIFETIME (YRS) 

C* 'jh - DISCOUNT BATE 

C* STCDKG - SCF srCUCIOBE BSD ADD PBOCUBEBSBT (S/KG) 

C* STCKGV - SCF STB OCT DEAL CEHSITY (KG/B**3) 

C* STCVS ** SCF STRUCTURE (B**J/SECTXOB) 

C* STCKiiS - SCF STSOCTUEE (XN/SECTIOB) 

C* S7CEXF - SCF STBUCTOBE EXPENDABLES (KG/HK- SECTION) 

C* 5TC5XC - SCF STRUCTURE EXPENDABLES COST (S/KG) 

C* VOLRH - BAX1BUB VOLUHSTBIC LOAD FACTOB XN BABEBOOSB 

C* NBDKG - WAREHOUSE COST (S/KG) 

C* BSKGV • VABEUCUSE DENSITY (RG/B**3) 

C* BBRD - « OUSE BSC (S) 

C* WUKHV - HOUSE PONE l FOLD HE (KW/B**3) 

C* WHtXl - NAElnOUSE EXPEN CABLES (KG/B**3/HP) 

C* HHXXC - N ABE BOUSE EXP5BDADLES COST (S/KG) 

C* CCSBAS - COHTCOL CENTER STRUCTURAL BASS (KG) 

C-» CCU a AS - CCBTRCL CENTEB HARDWARE BASS (KG) 

C* CCBD - CON1ROL CENTEB BSC (HITU SOFT HARE DEVELOPBEBT) ($) 

C* CCHCST - CCBTHOL CENTER n»t UABE COST ($) 

C* CCSPOK * 'ONTnOL CEHTLB STBOCTUBAL POBEB (AH) 

C* CCUPOH - CONTROL CLNTER HA BOB A BE POHEB (KW) 

C* CCEXP - CONTROL CENTEB EXPENDAELES (KG/BB) 

C» CCEXC - CONTROL CENTEB EXPENDABLES COST (S/KG) 

C * CCSTAF - CONTBOL CENTER STAFF ON DUTY (DOES NOT INCLUDE 
C» TEIECPEBATCE STAFF 

C* BSSKGF - REPAIR SHOP STBUCTUE AL BASS (KG/PERSON) 

C* BSHKGP - REPAIR SHOP HARDWARE BASS (KG/PCRSON) 

C* RSHBKG “ REPAIR SL'OP HARDWARE PBOCUSE3EHT COST (S/KG) 

C* BSSXtfP - REPAIR SHOP STBUCTURAL PON SB (KH/fEBSON) 

C* KSHKHP - REPAIR SHOP U ARCWAhE POWER (KK/PERSCN) 

C* HSLD - BEPA1F SHCP PSD (S) 

C* BS£X? - BEPAIB SHOP EXPENDABLES (KG/PEBSON-HB) 

C* aSEXC - FEPAIB SHOP EXPEHCA5LES COST (S/KG| 

C* BSE D - BICE C PROCESSORS S SENSCBS BSD (S) 

C* B-DST - BICE 0 PROCESSORS S SENSORS PROCUREMENT (S/STB1P) 

C* 3SKGST * HICECPRCCESSORS 6 SENSORS BASS (KG/STRIP) 

C* HSXWST - BICROPEOCESSORS 6 SENSORS POHEB (KW/STBIP) 

C* BSEXP - HICLCPhOCESSCRS 6 SENSORS EXPENDABLES (KG/STBIP/BR) 

C* BStXC - EICtCPBCCESSCES G SENSORS EXP. COST (S/KG) 

C* CRHnr - CHARIER RGD (t) 

CH C WCST - CRAWLER PROCUREMENT (S) 

C* CR 41 AS - CRAWLER HASS (KG) 

C* CEHPOH - CRAWLER POWER (KK) 

C* CRN EXP - CRAWLER EXPENDABLES HASS (KG/HR) 

C* CR-CXC - CRAWLER EXPENDABLES COST ($/KG) 

C* TELRD - TEIICPEEATCR RGD (<) 

C* TELCST - TILtOPtRATOR PROCUREHENT ($) 

C* TELHAS - TILECPERATOE HASS (KG) 

C* TELPON - TELEOPERATOR POWER (KW) 

C* TELEXP - TELEOPERATOR EXPENDABLES (KG/HR) 

C* TELEXC - TELEOPERATOB EXPEN CABLES COST (S/KG) 


SCP00540 
SCFOOSSO 
SCF 00560 
SCF00570 
SCF00580 
SCF00590 
SCF00600 
SCFC0610 
SCF 00620 
SCF00630 
SCF00640 
SCF00650 
SCF 006 63 
SCF00670 
SCF00680 
SCF00690 
SCF00700 
SCF00710 
SCF00720 
SCFC0730 
SCF00740 
SCF00750 
5CF00760 
SCF00770 
SCF 007 NO 
SCF00790 
SCFQ0800 
SCF008IO 
SCF 00820 
SCF00830 
SCF 00840 
SCF008S0 
SCF00860 
SCF00870 
SCF00880 
5CP00890 
SCF00900 
SCF00910 
SCF00920 
SCP00930 
SCFC0940 
SCF00950 
SCF00960 
SCP00970 
SCF00980 
SCF00990 
SCF01000 
SCF0I0 10 
SCF01020 
SCP01030 
SCF01040 
SCP01050 
SCP01060 
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c* 

c* 

c* 

€• 

C* 

C* 

C* 

c* 

c* 

c* 

c* 

c* 

c* 

c* 

c* 

c* 

c* 

c# 

c* 

c* 

c* 

c* 

c* 

c* 

C* 

c* 

c* 

c* 

c* 

c* 

c* 

€♦ 

c* 

c* 

c* 

c* 

c* 

c* 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

C* 

c* 

C* 

CO 

CO 

c* 


PAKCRW - NUMEES CP CRAWLERS REEDED POB ARRAY S EGBERT PACKAGING 
BOXES - COST CP ARRAY SEG1EMT STORAGE BOXES/SBCTIOR ($) 

OUTPUT - ROBE Efi OP CELLS PRODUCED/ YR 
NAMIM Cl , K) - MACHINE HANES 
K AMEC (1 ,3, K) - CGMEOHLNT 4AMES 
RE (1,3) - COMPONENT PSD COST 

COST (1,3) - COMPONENT PROCUREMENT (S) 

POWER (1,3) - COMPONENT POWER (KV) 

BASS (I ,J) - COMPONENT BASS (KG) 

VOLIHE(l,J) - COMPONENT VOLUME (fl**3) 

NOCCMP(I,3) 


(Rita BOB LEAR R IMG) 


SCP0Y070 
SCPOIOSO 
SC F 01090 
SCF01100 

scroll 10 

SCF01120 
sc ro 1130 
SCF01140 
SCF011S0 
SCF01160 

RUBBER OF COMPORERTS OF THIS TYPE IR k B AC BINE IF SC P0 11 70 
IT IS THE TYPE OF COHPCMENT THAT SERVES OBLT ORE SCF01160 
STRIP; RUBBER OP COSPONERTS OF THIS TYPE IR k SC PO 1190 

HACHIRE TYPE PER SECTION IF THE COHPORERT SEBVICESSCF01200 
14 STRIPS SCF01210 

SB TDMS (I ,3) * MXBldOM OPERATION RUBBER CT COHPORERTS/CLUSTER SCP01220 

TYPE (I ,J) - RUBBER CF STRIPS SLR VCD BY COMPONENT |1 OR 14} SCP01230 

MAIRT (1,3) - CONPCNiar AVERAGE MAINTENANCE TIME BY CBAHLEB/YB SCF01240 

EXPEND II #3) - CCflPCNENT EXPENDABLES MASS (KG/HR) SCP01250 

EXPCST (X , J) - COMPONENTS EXPENEA0LE3 COST (S/EG) SCF01260 

RB CODE (1,3) * COMPONENT RLPAII/I EPLACE CODE: SCF01270 

1 - T FLEOPER ATOR REPAIR OK LIRE SCF01280 

21 * CRAM LSD REPLACEMENT, AUTC MATED REPAIR SCF01290 

22 - CnASLEA REPLACEMENT, HUMAN BETA IB SCF01300 

PERIODIC CHARLES REPLACEMENT (RECYCLE/DI SCAB D) SCF 013 1 0 


KOFAIL (1, J) 

Hun»s(i,J) 

TCTiME (1,3) 

FCH(I, 3 > - 

CIS(J,J) - 
RtcriM u,3) 

AOTRD(I,J) 

AIKCST (1,3) 

AUIZAS (1,3) 

AUTPOW CI,J) 

AUTVOL (1,3) 

AUTEXP (1,3) 

AUXEXC (1,3) 

CLUED (1,3) 

C LUC ST (1,3) 

CL NBAS ( 1 , 3 ) 

CL N TOM (1,3) 

CLNVGL (1,3) 

CLNtXP (1, J) 

CLSCXC (1,3) 

EAKTil (I, J) 

1LSSFV (1,3) 

TUP (1,3) - 

CESERC(I) - MAX. NUflEES OF STRIPS SERVED BY CRAWLER 
CUF(I) - CEAWLER UTILI^AIICN FACTOR BY MACHINE (I) 
S05THP - NUMEEB OF STRIPS IN SCF (MULTIP1E CP 14) 
HRPC - RECURRING MACHI HE REPLACEMENT PABTS COST (*) 


- CC MFC RENT ^AILURES/YH SC FO 1320 

- HUMAN TIME PER FAILURE (HBS) SCF01330 

- TfcLtO FEE ATOR/CI AWLFP TIME FER REPAIR /REPLACE SCF01340 

FRACTION CF MASS REPLACED PIE YEAR SCfOUSO 

CCES 3 - NONUSE Of TIMES COMPONENT IS RECYCLED SCF01360 

CCST CF REPAIR SaCCK (S/KG) SCF01370 

* AVERAGE RECYCLING IIMS THROUGH CLEARER S (BR) SCF01380 

- REPAIR AUTOMATON ROD (X) SCF01390 

- REFAiH AUTOMATON PROCUREMENT ( S/ SCF01400 

- REPAIR AUTOMATON MASS (KG) SC F0 14 10 

- REPAIR AUTOMATON PCiUh (KM) SCF01420 

- REPAIR AUT01AT0N VCLUM2 (M**3) SCF01430 

- BEPAIfi AUTCMAICN EXPENDABLES (KG/HR) 5C701440 

- REPAIR AU10MATCU EXPAND. COST (l/KG) SCFC1450 

- GLEAM NG MACHINE l CD ($) SCF01460 

- CLEANING MACHINE PfOCUR EM ENT (S) SCF01470 

- CLEANING MACHINE MASS (KG) SCF01480 

- CLEANING MACHINE P0WE3 (K*) SC P0 14 90 

- CLEANING MACHINE VCIU^L (3**3) SCF01S00 

* CLEANING MACHINE EXPENDAELES (KG/IIR) SCF01510 

- CLEANING MACHINE EXPEND. COST (3/KG) SCF01S20 

- FRACTION CF COMPONENTS SHIPPED ON EMERGENCY BASIS SCF0 1530 

- MAX. NUMBER CF STFIPS SERVED BY TELEOPERATOR SCF01S40 

TtlECPEftATOR UTILISATION FRACTION BY COMPONENT (1,3) SCP01550 

SCP01560 
SCF01S70 
SCF01580 
SCF01590 
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C* 8EBPC “ NCBBECTHNING 8ACSI8B... (ETC.) 

C* SEPT - BECUEB1HG B£PLACE1E»T PACTS TBANSPOBTATICN (*) 

C* NL8PT - NO BA ECUS BI KG ... 

C* VOLMN - VOLDRE Of HABE8O0SE (H**3) 

C* BOTELE - TCSAL BUSSES OF TALEUPEEATOBS 

C* N9CBAH - TOTAL NOSBEB Of CL AH l EES 

C* N8NU81 - CBEB ON DOTS SUPERVISING TELEOP EE ATOBS 
C * S8B0R2 - EEPAXB CBEN CN BUTT 

C* TCPIO? (I.J) - TOTAL CCRPCBEBT PAILUBE5 IB PSLIVEBT PEBIOB FOB 

C* COSPONENTS Of TIPS (I.J) 

C* BO AUTO (I.J) - B0S8EB OF B8IAIB AUTO BA TONS NEEDED FOB (I.J) 

C* HOCLN(I.J) - BO CBEB OP CLEANING BA CAINES NEEDED FOB (I.J) 

C* NOISLE (1,9) - BUS3EK Of TEIEOPEBATOBS BEEBED POB (I.J) 

C* BOC8AH (I.J) * NUBBLE OP CBABLEBS NEEDED FOB (I.J) 

C* BOBUS 1(1.0) - BUBOEB CP BUBAES SUPEB VISING TELEOP. FOB (I.J) 

C* IOMOB2 (I.J) - B083LB OP BOBANS BEPAIBIB6 (I.J) 

C* EACBCC(I) - NACHI9 I EOTI CTCLE 
C* STATCC(I.J) - STATIC* DUTT CYCLE 

C* PBC9C - DUTI CICLE OF PBODUCTIOB SEQUENCE (ENOS AT BACHINB 10) 

C* AS I DC - POTI CICLE OF ASSEHBLI SEQUENCE (BEGINS AT BACHINB 15) 

C* SPSCAP - N0HBE8 OP SPS PEOCOCEB PEB XEAB 

C* BECLA9AT ICJS 

IBP11CIT BEAL (l.B.N) 

C* DECLARE IN/0U1 LOGICAL DEVICE NOilBEES (N3B-1BPLICIT) 

XSTtGEb CUT 

C* BECLAEL UWEBAL INPUT VAEIABLES (90H-I3PLICIT) 

IETEGEB ENCPSC. ICtUCB »BCT (20) .BCTI 
EI.TINSICN KOCIOS(2C> 

C* BIB LESION MACHINE AND COHPOBE9T BABE ABBAYS 
INTEGER NABSB (20. 1 C) .9 AT EC (20. IS. 6) 

C* DECLARE CCaPCLSNT PAS ANSI EBS 
XNTEGCS BSCOCE (20,15) 

DXBEBSION SOCOHP ( 20, 1 S) . NOP AIL (20. 15) .BCSTEP (20, 15) . BD(20, IS). 

♦ COSI '20, 15) , EOUEA(20, 15) .BASS (20,15) , VOLUME (20.15) . 

♦ SHT9M9 (20, 15) ,TI?E (20, 15) , SAINT (20.15) .LXPEBD (20.15) , . 

♦ UPC SI (29, IS) .UUTIBL (20.15) .TCTIRE (20. 15) .PCS (20.15). 

♦ CS S (20.1 5), BLCriB (20. 15) 

C* DIMENSION SEPAlfi AUTC.UTI09 AN C CLEANING 3ACHISE PABABE1EBS 

01 SENS ION AUICD (20,15) ,AUTC5T(20, 15) , AUTNAS (20, 15) ,AOTPOB(20. 15) . 

♦ Aimer '20, 1 5) , AUT2XP (20, 15) , AOTEXC (20. 15) .CLNBO (20,15) . 

♦ CLMCST (23, 15) . C 19. T AS (29, 15) .CLBPCB (20. 15) , 

♦ CLSVCL (20, 1 5) . CLREXP (20,15) ,CL9£XC (20, IS) 

C* DIMENSION AST. .MS IN CCRKC9 AREA 

tint NS ICS EARTH (20. 15) , IBSSBV (20, 15) ,CBS£BV (20) 

DIR2KSIC 9 HO AUTO (20, 15) , 10CLN (20,15) .90TELE (20, IS) ,NOCBAU(20) , 

♦ NCMUfl 1 (2 0, 1 5) . NCHUN2 (20, 15) .TCFIDP (20,15) , 

♦ IUK20, 15) ,CU? (20) 

C* DIBENS1CN OUT I CICLE ASSAYS 

DIMENSION RACHCC (2 C) ,STATCC(20, 15) .MOSPAB (20,15) 

c* give coh.tcn area 

CCRfJON NGCC.1P,TY?E.flAINT,6RC0DE,N0PAIL»7CTIRE» BCSTH P, HO BACH, 

♦ BCT ,»ELIV ,ETT , TSANT.TBAKC. DELAY. SOBE, ANSTBP, Uf.UPT.LF , 

♦ EABTH.TESEB V.CBSEB V.TOF.CUf , 


SC PO 1000 
SCP01610 
SCP01620 
SC FOIL 30 

scroiLvo 

SC f 01650 
SCP01660 
SCF0 1670 
SCF01680 
SC r 01690 
SCf 01700 
SC F0 17 10 
SCF 01 720 
SCF01730 

scromo 

SCF01750 
SC P0 1760 
SCP01770 
SCFO170O 

scromo 

scFoieoo 

SCP01810 
SCP0 1820 
SCP01830 
SC FO 1860 
SCP018S0 
SCF01860 
SC F0 1870 
SCF01880 
SCF01890 
SCF01900 
SCFO 19 10 
SCF01920 
SCF0 1930 
SCF01960 
SCF01950 
SCFO 1960 
SCF0 1970 
SCf 01980 
SCFO 19 90 
SCf 02000 
SC Fd 20 10 
SCF02020 
SCFO 20 30 
SCF02040 
SCF020S0 
SCF02060 
SCF02070 
SCf 02080 
SCf 02090 
SCF02100 
SCF021 10 
SCFO 21 20 
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♦ cost, HASS, VOL0aE,BLfIBE,PCV,CBS,8BCTIB,TPEB,TCABGO,AB. 

♦ BOSTAE,ri>PC,BBFPC,LBrT.KRLPT.VOLBB,BOTBLE,lBC8AB,BBHUa1, 

♦ NUHU.l?,BOAUTO.BOCLB,BOTELE # HOCfiAH,BCaOa1,BCti8R2,TCriDP 
C* P BOV JOE XR/GUT LOGICAL DEVICE BOBBBBS 

DATA I», 001/5, E/ 

C« BEAD SEVERAL IBPOT VARIABLES 
£B CPA 0=14 
BO SUCH* 18 


C** 

c» 

c* 

c* 

c* 

c* 

c* 

c* 

9000 

CM* 


BODIFXCAf XOB 1: 

IBSCfitlCB OP ACBXTXOBAL BE PAX A PABABBT8BS 

OCAOTO - DOT* CYCLE OP A010BATXC 8EPA1B RACBIHEBY (PBACTXOB) 
IBEPSH - FLAG TO CBABGB ALL CS ABLER REPAIR TO HU BAB REPAIR 
1A8T0S - FLAG TO CRAHGE LSD ARD. paOCQB EBERT OP ABTOSATXC 
REPAIR BACBIBBBT TO OEPAULT VALUES 

25 AOG T9 

BEAD (IB. 9000) OCAOTO, XS£PSR,XABTO 
P0BBAT(PR.2,X1,7I,X1) 


10 


BEAD (IB. 5) (KC1 (I) ,1*1,20) , (BOCLOS (X) ,1*1,20) 

FOBS AT (2 014/ 20 E4. 1) 

READ (IB, 10) 9ELXV, ETT, 1 AART,TBABC,DclAT,TPES.TCA8G0,S0SB, 

♦ ABSTBP.OF.UFT ,L?, AH, BASED, BABKGF, HABDKG.HABKVP, 

♦ SPACKV.SPAGH, BAGE. T6AI3,C0B$UB,C0VCST, ASTHAS.BOTTB, 

♦ DAtS0P.S0PBCD,SCa,SESTAF,FLC7,LIPE,C8,STCCKG,STCKGV, 

♦ STCVS, SICK US, STCEXP.STCEXC, VOLBB, HBDKG,HBKGV, BHBD, 

♦ VhKfc V, VB£XP,3HEXC,CCSaAS,CClIHAS,CC8C,CCHCSI,CCSFOB, 

♦ CCUPOV ,CC£XP, CCEXC.CCSTAP, RSSRGP,BSHKGP,KSUDKG,RSSBBP, SCF02400 

♦ R SHARP, BSB D,L SEXP.BSLXC ,3$B C.BS EST, BSRGST , 3SKHST, HSEXP, SC F024 1 0 

♦ 8SEIC ,C6U£D,CBHCST,CBi>*AS,CB liPOh,CBBEXP,CRHEXC,TELBD, SCP02420 

♦ TLLC ST, TELB AS , T ELPOV.TELEXP.TELEXC, PA KCBU, BOXES, OUTPUT SCF02430 

SC P 024 40 
SCF024S0 


SCF02130 

SCP021B0 

SCP021S0 

SCP02160 

SCP02170 

scro2ieo 

SCF02190 
SCF02200 
SCP02210 
SCF02220 
SC FO 2230 
SCF02240 
SCF022SO 
SCFQ22G0 
SCF02270 
SCP022B0 
SCF02290 
SCP02300 
SCF02310 
SCF02320 
SCF02330 
SC FO 23 40 
SCF02350 
SC f 02360 
SCF0237Q 
SC FO 2380 
^CF02390 


FC BSAT (16 (5F 16 . 5/) ,3F20. 5) 

C« BEAD SACHIN E BABES 
DO 12 I* 1, ACBACB 

12 B£AC(X 8, 15) (*AFEB(I,K) ,K*1,10) 

15 F0G3AT ( 10A4) 

C* LEAD CGBPC AC AT BASES 
DO 23 I- 1, I03ACH 
ACT I* ACT (I) 

DC 22 J= 1, ACTI 

REAL (IB, 20) (BAREC (1,J,K) ,K*1,6) 

20 FOLH AT (6A4) 

22 COATIHUE 

23 CCSTI3UE 

C* DECLARE C0.4ECNENT PABA.12TEKS 
C* BEAD CC8P0NEBT PASAHEIELS 
DO 28 I* 1 , AOR ACH 
BCII* ACT (I) 

DO 27 J = 1 , ACT I 

BEAD (IH, 25) B C (I,J) .COST (I,J) ,POHER (I.J) , HASS (I.J), 


♦ 

♦ 

♦ 


VOL UBE (I ,J) ,B0C03P (I, J) , SHTOUH (I.J) , 
TYPE (I.J) , BA 1ST (I.J) .EXPEBO (I.J) , 
EXPCST (I.J) .DECODE (I, J) .OOP AIL (I, J) , 


SCF02460 
SC PC 24 70 
SCF02480 
SC FO 2490 
SCF02500 
SCF025 10 
SCF02520 
SCF02530 
SCF02540 
SCF02S50 
SCF02560 
SCF0257Q 
SCPC2580 
SCF02590 
SC FO 2600 
SCP02610 
SCP02620 
SCF02630 
SCF02640 
SCP02650 
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♦ 8BTIBS (X.J) • TCTIAE (X.J) ,FCB (X.J) , 

♦ CIS (IkI) 4 ECTX6 (X.J) • BCSTBP (1.4) 

25 romt (2 (Sru. s/i ,r ».s,x2.3rit. si 

C» BOB 1 

IF (IBEPSB.NE.1) 60 TO 27 

IF (BE CODE (1*4) .EQ.21) BBC0D8(X,J)*22 

27 COBTIBOE 

28 CCBTXB8E 

C* BEAD BEFEXB A0TC8A10B PABABSIEBS 
BO 36 1*1. BC EACH 
8CXX~BCt(X) 

BO 37 J-1.8CTX 

IP(BBCOCE(I,J) -B*. 21) 60 TO 37 

BEAD (I M , 35) AOT ED (I .J) , AQTCST (X . 4 ) « AOTB AS ( 1 . 4 ) . 

♦ A BT BOH (1.4) . A8TT01 (X.4) , AOT EXP (X.4) «A0TSXC(X.4) 

35 BOBS AT (5P16. 5/2P16. 5) 

c 

C* BOD 1 

IF (IADIOS.BE. 1) 60 TO 37 
A81ED(I. J) -A018AS (X.J) *20000. 

AOICST (1.4) =A01HAS (X.J)* 1000. 

37 CCBTIEJi 

36 CGB1IB8E 

C* BEAD CLEANING a 1C BIBB PABABBTBBS 
DO 93 I* I.BOSACU 
BCTI-BCTfl) 

DO 92 J=1 , SCT1 

IF (RECTIS (X.J) .LT. .0001) 60 TC 92 

BEAD (IB, 90) CL BED (X.J) . CLSCST (X.J) .CLBSAS (X.J) • 

♦ CLBPOW (X. J) .CLBVOL (I. J) .CLNEXP (X.J) .CLNEXC (X.J) 

90 F0BHAT(5P16 .S/2F16.5) 

92 COBTIBOE 

93 CCB1IBUE 

C* INITIALIZE NUK3EB OF S7HIPS SEBTED BT CBAHLE8 ABO T ELE0PB8AT0B 
C* AND THUS DTIIIZAIICN FACTOBS 
DO 97 1=1, NOaACU 
BCT I = NCT JI) 

CaSEfV(I) =0. 

CUF (IJ=0. 

DC 96 J = 1, NCTI 

TCSIB V (1,J) =0. 

1UF(I, J) =0. 

96 CCK1INUE 

97 CCKTINUE 

C* CALL FEH2RG TO CALCULATE TUE FB ACTION OP B EPLACEHENTS 
C* CCillKG ON AN ECESGEKCY BASIS FBOH EABTII 
CALL FEnfBG 

C* CALL DCSCP TO FIND ST ATDC.BACHOC.SCFDC 

CALL DCSCF (KOflACH, ENDPED.NCT, NOCOMP, SHTDHB,NOCLUS,BSCODB, VOFAIL, 

♦ B ACUDC.SIATDC.PBODC, ASTDC) 


SCF02660 
SCF02670 
SCF02680 
SC FO 26 90 
SCF02700 
SC F 027 10 
SCF02720 
SC FO 27 30 
SCF02190 
SC FO 27 50 
SCF02760 
SC FO 2770 
SC FO 2760 
SCF02790 
SCF02800 
SCF02910 
SCF02820 
SCF02830 
SCP02890 
SCF028S0 
SC F6 28 60 
SCF02870 
SC FO 2880 
SCP02890 
SC FO 2900 
SCF02910 
SCF02920 
SC FO 29 30 
SCF02990 
SC FO 29 50 
SCF02960 
SC FO 2970 
SCF02980 
SCF02990 
SCF03000 
SCF03010 
SCF030 20 
SCF03030 
SCF03090 
SCP03050 
SC FC 3060 
SCF03070 
SC FO 30 80 
SCP03090 
SCF03100 
SCF031 10 
SCF03120 
SCF03130 
SCF031 90 
SCF03150 
SCP0J160 
SCF03170 
SCP03180 
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c* 

c* 

c* 

c* 


58 


SCFDC=PBCEC SCP03190 

CALL SZZSCf 10 FINS THE H0« OF STBXPS RLEDED TO GET SPECIFIED OOTPOT SCF03200 
CALL S IZSCf (SC PDC, COT PUT, HOSTS P.SPSCAP) SCP03210 

CAU SUBBCU11NE WAREHOUSE. PEPLACEHLHT PASTS, SOPPOBT EQ01PBEBT SC FO 32 20 

(UHEPSE) TO CCflPOTE VABIADLES FSOB EBPC CH IH COBBOH ABBA SUBCST SCF03230 
CAU BB8PSE(VC1EB,SCFDC« DCAU10) SC FO 32 40 

CALCULATE CORPOSANT 1HTEBBECIATE DATA A HD PBIHT IT SCF03250 

DO 58 I* 1, HOHACB SCF03260 

HCTl-tCl(l) SC FO 3270 

DO 57 J“ 1.HCTI SCF03280 

IF(BCFAILU.J) .LT. .0051) GO TO 50 SCF03290 

IF (DECODE (1,J) .BQ. 3) GC TO 53 SCF03300 

EOS FAB (I,J) n TCFIDP (I,J) *SOBB SCF03310 

60 TO 57 SC FO 33 20 

IF IBECT1H (I, J) .LT. .0001) GC TO 5S SCF03330 

BO SPAR (I, J) * (TCFIDP (1,0) •HECTI8 (X,J)/ SCF03340 

(36S. 0*24.0*DELIV)) *SOBB SCF033SO 

GO TC 57 SC FO 3360 

HOSPAB (I, J) “TCFIDP (I,J) SCF03370 

GO TC 57 SC f 03380 

HOSPAB |I ,4)«0. SC FO 3390 

CCHTIHUE SC PO 34 00 

CONTINUE SCF03B10 

BP ITS (OUT, 73) SCP03420 

70 F0aBAT(1lX,'TAELE OF STATION BUTT CYCLE (ST AT DC) , FBACTIOB OF *, SCF03430 


53 


55 

56 

57 


6 

5 

6 
6 
6 

5 

6 
6 

5 

6 
S 


•REPLACEMENTS OEIAIHED CS AH EBEPGEKCY BASIS (EABTfl) ,*/ SCF03440 
111,'COflPOHEMT AVERAGE FAILURE REPLACEMENTS IH BABEBOOSS *,SCF034S0 
•AT BEGINNING OF DELIVERY PEBIOD(NOSPAB) , NUBBEB OF*/ SCP03460 
1 1X,*CB AVLEB3 (NCCB AN) , CF.AKLEE UTILIZATION FACTOE(COF), *, SCF03470 

• NU3BEE OF IE IEOPEBATCFS ( NOTEIE) , TELECP2RAT0B* / SCF034B0 

111,' UTILIZATION FACTOR (TUF) , NU3CES OF BEFAIB AUTOMATONS*, SCF03490 

* (NCAUTC) , NU9ESB OF CLEANING HACHI NES (NOCLH) ,*/ SCF03500 

11X, 'NURD Eh CF UUBANS FOE TILEOPEBATOB SUPERVISOR! COHTBOL* SCP035 10 


(KCHUfll) , 


AND SUBBEE CF BUBABS FOB BEPAIB ROBB*/ 

1 YX,* (NCHUB2) , FOB INIIVICOAL CCBPONEHTS OF A BACHINE *, 

• <TCT ALED CVER Atl THE STEIPS> — '////) 

H BITE (CUT, 75) 

75 FORBAT (31X»*STATDC*,4I,* EARTH' , 6X,'NOSPAB*,4X, 'HOCBAN*, 4X, *COF*, 

6 AX, *KOTEL£* ,4X . *TUP* , 4X, * NCAOTO* , AX,* BOCLB* ,4X,« BCB0B1* , 

6 AX, *NC B0E2'//) 

DO 88 I* 1, ROB ACll 

BB1TE (OUI.ttO) (NARE 3 (I ,K) ,X*1,10) ,.1ACHDC(I) 

80 FOR BAT (//IX, 10A4,15X,'RACHltiE DOTY CYCLE £ BACBDC ] = *, F7.5/) 

NC1I=NCT (I) 

DC 87 J*1,»CTI 

UBITE (OUT, 85) (NA3FC (I,J,R) ,K*1,6) , 

ST AT DC (I, J) , EARTH (I, J) , NCSFAB (I,J) , NOCRAB (I) , 

CUF(I) ,N3TELE (I, J) ,IUF(I,J) , NO AUTO (I, J) , BOCLB (I, J) , SCF03660 
NOUUNl (I, J) , NCBUB2 (X, J) SCPC 1 ' 70 

85 FOB BAT (5X, 6 A A, 1X,P7.5,3X,F6.4 ,3X,F9. 1,4X,P4.0,4X,F5.3, SCPOa <9 

& 4X.fS.J,4K,F5. J,2X,F4.0,6X,F3.0,6X,F6.A,6X,F6.A) SC? 036 70 


5 

6 
& 


SCF 03520 
SCP035 30 
SCF 03540 
SCF035S0 
SCF03560 
SCP03S 70 
SCF03S80 
SCF03590 
SCP03600 
SCF036 10 
SCF03620 
SCP03630 
SCF03640 
SCP036S0 


87 CONTINUE 

88 CONTINOE 


SCF03700 

SCF03710 
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C* CALCULATE ABU PAINT NCN-BECUBBING DXBECT COSTS 
BACUIN-O. 

HAXD0*0. 

BACBAS*fl. 

BACPOH*0» 

SO 93 1*1 < (OPACH 
NC1X*NCT (1) 

EC 92 J*1 .NCT1 

HACHIBMACHIN* NOCOBP (X.J)/TtPE (I,J) *COST (I.J) * HO ST BP 
MADEIRA FDD* ED (I.J) 

BACB AS*B ACB AStNOCLBP (I,J)/TTPE (I.J) *BASS (X* J) * HOST BP 
BACPCN*BACPCN* NOCOBP (I.JJ/TTPE (I.J) •POBEB (I,J) *BOSTBP 

92 CONTINUE 

93 CONTINUE 
BACNXN*H ACHIN^NPBPC 
3AC?BN-BACNAS»rCAfiGC*NESPT 
BACPCN*BACFCN*SCFDC* (1 .O^FLCT) 

SPA*BACPOh*SPAOKK 

NEECD a HACHlN*FAFCD*NACTRN*SPA 

HBX1E (CUT, 9S) NRECC.HACHIN.EANBD.NACTRN.SPA 
95 PC E NAT ('1'.21I.'SOLAB CELL FACTOBT COST EBEABDOBN ——•,/// 

♦ U, 'TOTAL NC NEECU BEING DIRECT COST IS S*.ri3.0/ 

♦ 61* MACHINES: S'* f 12 .0/ 

♦ 6X, MACHINE BESEABCU AND DEVELOPMENT: $'.F12.0/ 

♦ 6X* MACHINE Tfi ANSPOBTATXOB: S'*F12.0/ 

♦ 6X* 'SOLAR PCBER ABBA! (FOB PRODUCTION): S'»F12.0) 

C* CALCULATE AND PRINT NON-RECOBRING INDIE ECT COSTS 

roLAa*a. 

PON AB*0. 

BA3AB*0. 

EXPAB*0. 

EXCAB*0. 

DO 98 1*1 « BOtACH 
HCTI a NCT (I) 

DO 97 3*1* NCTI 

VCLAB* VOLAE *NO AUTO (I.J) *AUTVOL Z. ’) ♦ NOCIN (I.J) *CLHVOL (I.J) 
POK AB*PCNAh*NC AUTO (I, J) ♦AUTPGi* (1*3) ♦NCCL8 (I.J) *CLNPOH (I.J) 
HAS AR*A AS6F. *NO AUTO (I* J) * AUTBAS (I.J) ♦NOCLN (I, J) *CLNHAS (I.J) 
EXB AD *EXaAB*NC AUTO (I.J) ♦ AOTEX P (I, J) ♦NOCIN (X, J) *CLNBXP (I.J) 
EXFCAB* FX PC ABMOA UlO (I.J) ♦AUTEXP (I, J) *A0TEXC (I.J) ♦ 

♦ NOCIN (I.J) •CINEXP(I.J) *CLNSXC(I, J) 

S7 COTIBUE 

98 CCNTINUE 

SSCFC=MCSTCP/14.0* STC VS* STCKG V*STCDRG 
SACC= VC1 \B*VCLEa*STCKGV*STCCRG 
SCESIC=SSCFC4SACC 
HR*VOLHH*UHKGV*UUuKG«BHE C 
CC=CCSflAS*HAB01<G*CCIiCST*CCBD 

PW *NUUUR 2* (SSSKG?«HAeCKG*BSBKGP*RSBDKG) ♦BSBD 

BS*NCSIRP*RStST*BSRD 

BOXCST-ROXIS*NCSTEP/1 4.0 

CRAHLR = (NUCB AW*PARCRN ) ♦CRUCSTtCBHBD 

TElEOP*NUTELI*TILCST*T£LBD 


SCF03720 
SC P0 37 30 
SCP03740 
SC FO 37 SO 
SCF03760 
SC PO 3770 
SCP03780 
SC FO 3790 
SCF03800 
SC FO 38 70 
SCF03820 
SCF03830 
SCF03840 
SCP038S0 
SC FO 3860 
SCP03870 
SC FO 3880 
SCF03890 
SCF03900 
SCP03910 
SCF03920 
SCF03930 
SC PO 39 40 
SCP039S0 
SCF03960 
SCF03970 
SCF03980 
SCF03990 
SC FO 4000 
SCF04010 
SC FO 40 20 
SCF04030 
SCF04040 
SCP040S0 
SCF04060 
SCF04070 
SCF04080 
SCFC4090 
SCF041 00 
SCF041 10 
SCF04120 
SC FO 41 30 
SCP04140 
SCF04150 
SCF041 60 
SCF04170 
SCF04180 
SCF04190 
SCF04200 
SCF042 10 
SCFC4220 
SCP04230 
SCP04240 
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102 

103 


105 


SCF04250 
SCP04260 
SCF04270 
SCF042U0 
SCF04290 
SCF04300 
SCF04310 
SCF04320 
SC F0 43 30 
SCF04340 
SCF043S0 
SC FO 4 360 
SCF04370 
SCF04300 
SCF04390 


BEPAU1*0. 

CLNBAC«0. 

00 103 X*1,BCnACH 
BCTX*NCT(X) 

DO 102 J*1.NCTX 

IF (NCAVTO (I# J) .IT. .0001) AUT8D (I. J) =0. 

IP (SCCIH (I.J) .LT. .00C1) CLOUD (I* J) *0. 

EEPA0T*B EPAUT* HCAUTO (X , J) *AUTCST (I.J) *AOTBD(I*J) 
CLlftAC*CLNHAC*RCCLft(X.J)*CLNCSI (I.J) »CLBBD (I.J) 

CONTINUE 
CONTINUE 

SCFCRW* ( (NUH Oft UCCSTAF) ♦ (NUH0fl2’SESTAF) ) »$Cfi*3.0 
BAB3AS«HABICGE*SCFCBV 
BAB*HAEBD*HAD»AS*HABCKG 

BPSCFP* (NOSTEP/1 4.0*STCKHS) ♦ (VOLUH*HHKW V) ♦ (CCSPO W*CCBPOH) 

♦ ♦NUHUft 2* (RSSKHP+E SUK UP) ♦ (SOSTBP*BSK»ST) ♦ (NUCBAH+PAKCBB) *CBHPOH SCF04400 

♦ ♦ (NUTELE*TE£POH)*PCVAB SCF04410 

BBBPOK*HABKHP«SCFCB» 

NPSPA* (HPSCFP + E ABECH) *SPADKM 

NPSCFH=(SSCFC/S7CCKG*SACC/STCDKG) » (VOLHB*UBKGV) + (CCSBAS+CCHHAS)* 

♦ NUUUftI* (BSSKGP’RS HKGP) ♦ (N0S7BP*ftSKGST) ♦ 

♦ (BOCRAH ♦EAKCBW) *CBWBAS* (NOTU.E*TBLBAS) ♦ (3ASAB) 

NPSCF1=NPSCFM*1C ARGO 
HABT*HABHAS«?CAEGO 
?OHTOT*HACPOU*N?SCFP»BABPOV 
SPA HAS 1 PC WTCT *S PACM 
SPAI»SFAflAS*TCAkGO 
TOTftAS*ftACHAS + BPSCFM*HABftAS*SPA!IAS 
PSETUP=TCTHAS/ (DAYSUP*24 .C*SUPPOC) *3.0 

SEIUP»PSETUP* ( (KA3E*DAYSUP*24.0) ♦ (TBAI N*BCTYB) ♦ (CONSUft*DAYSOP 
6 *24. C*CC SCSI) ♦ (COB SUd*EAYSU?*24.0*TCABGO) ♦ (BOTYB*DAY SOP 

6 /365.Q*4SrtlAS*7PEB) ) 

NPSCR = SCFSTC* Wll’CCt? U *2JS’B0XCST*CF A ALB ♦TELEOP+REPAUT+CLNftAC 
BB£C:N*»PSCF+HAB+NPSEA*NPSCFT*HAB7*SPAT*SEI0P 
WRITE (OUT. 105) !•'<< ECIB.BPSCF.SCFSTC.VH.CC.BH .HS. BOXCST.CBAWLR. 

6 TELECP, FEPAUT.CLKHAC.tiAB.RPSPA. NPSCFT. HAST. SPAT. SBTCP 
FOEJAT (//IX, ’TOTAL HONEECUBR ING INDIRECT COST IS S’.P12.0/ 


♦ 6X, ' NON PRODUCT ION SCF EQUIPMENT PR0CUBE3ENT/BGD COST: 

♦ 1 1X. 'SCF STRUCTURE: $’,F12.C/ 

♦ 11X,’ WAREHOUSE: $• ,P12,0/ 

♦ 1 1X, ’CONTROL CENTER: $’,F12.0/ 

♦ 1 IX,’ REPAIR WORKSHOP: $’,F12.0/ 

♦ 1 1X, ' ftl CROP ACCESSOR S/S t NSOR S : $’,F12.0/ 

♦ 11X,’ ARRAY SEGMCNI STCRASS BOXES: S’,?12.0/ 

1 1X,’CRAWL!:3S: $’,F12.0/ 

♦ 11X,’ TEIECPERATORS: l’,F12.0/ 

♦ 11X, ’REPAIR AUTOMATONS: $’,F12.0/ 

♦ 1 1 X, 'CLEARING MACHINES: $’,P12.0/ 

♦ 6X, 'HABITAT PRUCUaEft ENT COST: S’ ,F12.0/ 

♦ 6X,’NCN?BODUCTION SOLAR POWEB ARBAY PBOCUEEftENT: 

♦ 61, 'NCNPBODUCIXON SCF TB ANSPOBTATION: $’,F12.0/ 

♦ 6X. ’HABITAT TRANSPOBTATICN: S’,P12.0/ 

♦ 6X, 'SCL Afi POUEfi ARRAY TB ANSPOBTATION: S’ .F12.0/ 


SCF0442 0 

SCF 044 30 
SC FC 44 40 
SCP04450 
SCF04460 
SCF04470 
SCF04480 
SCF04490 
SCF04S00 
SCF045 10 
SCF04520 
SCF04530 
SCF04540 
SCF04550 
SCF 04560 
SCF04570 
SCF04S80 
SCF04590 
SCF04600 
SCFC4610 
S*.P 12. 0/SCF 04620 
SCF04630 
SCF04640 
SCF04650 
SCF04660 
SCF04670 
SCF04680 
SCF04690 
SCF04700 
SCF04710 
SCP04720 
SCF04730 
SCF04740 
CCF04750 
SCF04760 
SCP04770 


I •. PI 2.0/ 


A59 



♦ 6X,'CCST TO SEX OP SCP: $',F12.0) 

C* CALCULATE. AND PRINT ANNUAL BECUBRING DIRECT COSTS 
«oasc= (M'Hua uccstaf) *3. o 
IIU3SCL E HU3SC*BAGS*365. 0*24.0 
HUSR* (tlUH0tl2 + SESTAF)*3.0 
UU.ta L^BU.IR *H ICE *36 5. 0 *24. 0 
SCBWa(SCB-I.C)* (uonsc+uoaB) 

SC3UL*SlR *4*4 AGE*36 5. 0*24.0 
BACBPC-BRPC/CEXIV 
BACBFT*BBPT/DEXXV 
HACEXP=0. 

BACBXT-O. 

DO 108 X*1.NCHACB 
NCTX*NCT (I) 

DC 107 J*1,RC1I 

H&CEXP a HACEXP* SOSTSP* (NOC0SP (X,J)/TYPE(I,J) * 
S EXPEBD(X,J) *EXPCST(X,J) *SCFDC*36S. 0*24.0) 

8ACEXT M BACEXT*N0STRP* (NOCOttP (X, J)/TYPE (X,J) * 
S EXPEND (1 »J) *SCFDC*365.0*24.0*1CABGO) 

107 CCNXXBOE 

108 CONTINUE 

BECD*HUMSCL*HUKHL*SCEtlL*tlACBPC*HACHPT*BACEXP*BACEXT 


SCP04780 
SCF04790 
SCP04800 
SCF04810 
SCF04820 
SCP 048 30 
SCF04840 
SCP 048 SO 
SCP04860 
SCP04870 
SC PO 4880 
SCP04890 
SCP04900 
SCP 049 10 
SC FO 49 20 
SCP 049 30 
SC FO 49 40 
SCP04950 
SCP04960 
SCP04970 
SCP 049 80 
SCF04990 


110 


NEXT E (CUT. 110) P.2CD,HU MSCL, HUHRL.SCRW L, HACBPC. 8ACBPT, BACBXP.H ACEXT SCP05000 


S* *P12. 0/ 


SCFOSO 10 
SCF05020 
SCFOSO 30 
SCFOSO 40 
SCFOSO 50 
SCFOSO 60 
SCF0S070 
SCF0S080 
SCFOS090 
SCF05100 
SCF05110 
SCF 05120 
SC FO 5 133 


FORMAT (//IX, 'TOTAL ANNUAL 6ECUESING DXBECT COST IS 
S6X,' HU 1 MI SUPERVISORY CONTROL LADCS: S',P12.0/ 

66X, 'HUNAN REPAIR LADCR: S',F12.0/ 

66X. 'SUPPORT CREW LABOR: S',P12.0/ 

66X, 'MACHINE REPLACEMENT PARTS : S' .P12.0/ 

66X.' HACUIKE REPLACEMENT PARTS TRANSPORTATION: $*«P12.0/ 

E6X, 'MACHINE EX? EN CABLES: $',P12.0/ 

66X. 'MACHINE EXPENDABLES TRANSPORTATION J $',P12.0) 

C* CALCULATE AKC PRIST ANNUAL RECUR P.ISG INCXSECT COSTS 
CONS=SCECRH*CCNSU3*365.0*24.0*CCSCST 
CCNTN=SCECRti*CCNSUH*365.0*24.C*TCABGO 
CREUTG*SCFCaa*IF.AIN 
CRENTN-SCFCRH* A ST MAS* SCTXS*TPEB 
NPSEX? s 365.0* 24,0* ( (NOSTFP/1 4, 0*STCEXP*STCEXC) ♦( V0L4H*WHEXP*BHEXC) SCFC5140 

♦ ♦ (CCEX?*CCEXC) ♦ (NUUUM2* RSEXP*BSEXC) ♦ (B0STRP*MSEXP*8SEXC) ♦ SCF051S0 

♦ (NUCF Ak+P AXCR4) *CCWEXP*CB4£XC* (BUTELE*TEL£XP*TELEXC) ♦EXPCAB) SCF05160 

NPS£XT=TC A HGO*3t»5 . 0*24 .0 ♦ ( (SOSTRP/14 .0*STCEXP) ♦ (VOL«H*WHEXP) SCF0S1 70 

♦ MCCEXP) »<NDHU32*RSEXP) ♦ (NGSTBP*NSEXP) * (N0C8AM+PAKCBU) *CRREXPSCFC5 183 

♦ ♦ (NOTEl£*TELEXP)* (EXMAR) ) SCF05190 

RSCIN=CCtlS+C0NTN*CF2WTG*CREkTN*NPSEXP*NPSEXT SCF05200 

UB1TE (OUT • 115) E.ECIU.CCN5 ,CCNT N.CREUTG, CRENTN »H PS EXP. BPS EXT SCF0S210 

ITS PC9MAT (// IX, 'TOTAL ANNUAL RECURRING INDIRECT COST IS $• ,F12.0/ SCFC5220 
$€*,'CCK5UPKA0LE5: S',F12.0/ SCF05230 

S~r. ,-CONSUr.BAELES TRANSPORTATION: S*,P12.0/ SCF05240 

f.6». * CREW TRAINING: $',P12.0/ SCP0S2S0 

L6r,*C«:£W TRANSPORTATION: S',P12.0/ SCF0S260 

A* *■, ‘MN PRODUCT ION SCP EXPENDABLES: S', PI 2.0/ SCP05270 

6 i:. , 'JfONPRODUCTION SCF EXPENDABLES TRANSPORTATION: S',P12.0) SCFCS280 

C* -OTOOLATE DISCOUNTED LIFECYCLE COST, YEARLY BEEURBISHHENT PARTS BASS SCP0S290 
r;« (BilLACENENTS * EXPEK DAELES) , AND PRINT OTHER RELEVANT PABABETEBS SCFOS300 
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M8PB*NBFF1/TC ARGO 

LIPCST* (NRECD+NREC1N) ♦ (BECD4RECIN) *(1.0- (1.0+DB) *♦ (-LIFE) J /OB 

SPSCST*LIFC5T/ (SPSCAP*U F£) 

BEfOR6«0. 

00 123 I=1,NCBACH 
NCTI*SCT (I) 

WEITE (6, 500 1) (NAMEM (I,K) ,K*1,10) 

5001 FCBBAT (///IX, 10A4/) 

DC 122 J*1,NC1I 

GCFOBBaBEPOBB«TCPIOP(I,J)*FCB (l,J) *HASS (I"I)/D£LIV 
BX?LAC*1CFIDP (1 ,4) *FCB (1,4) *HASS |I,J)/DELIV 
WRITE (6,2001) (NA8EC (1,4, K) ,K*1 # 6) ,BBPtAC 
2001 FCBBAT (5X,€A4, SX,F10* 0) 

122 CCNT1NUE 

123 CONTINUE 

BEFOBeaFFFOBB* (HACSXP4NPSEXP) /TCABGO 

WRITE(GUT, 125) LI?CST,SPSCST,SPSCAP,SCPDC, AS YDC, HCSTBP, PSETUP, 

♦ SETUP,F.E?URB,TOTRAS,H ACMAS,NPSCFB« HABHAS, SPAHAS, POWTOT, MACPOU, 

♦ SFSCEF 

WRITE (OUT, 130) BABPOH,VOI.UH,HfiBPH,HBBPC,NOXElE,HOCBAif,SCPCBH,BOaSC l 

♦ HUHB.SCRW 

125 FC8MAT(» 1',2 IX, 'SOLAR CEIL PACTOBY HA40B COST DBXVZB6 FACTOBS*/// 

♦ IX, 'LIFECYCLE CCST: J',F12.0/ 

♦ IX, 'COST OF SCF/SBF PEB SPS PBCD0C3D: $',F12.0/ 

♦ IX, 'NUflEEE CF SPS PBOOUCEC PEB TEAR: *,F4.2// 

4 IX,* SCF DOTY CYCLE! ',F5.4/ 

4 IX, 'ASSEMBLY OPERATION COTI CYCLE: *,F5.4/ 

4 IX,' NUN BEB OF PRODUCTION STBIPS ',F4.0// 

4 IX, 'PEOPLE 10 SET UP SCF/SNF: *,F4.0/ 

4 IX, 'COST TO SET UP SCF/S3F: $',F9. 0// 

4 IX, ' YEABLY REFURBISHMENT PABTS (E EPLACEBENTS4EXPEHDABLBS, KG) S ', 
4 F10.0/ 

4 IX, 'TOTAL SCE/SMF MASS(KG) : ', P10.0/ 

4 6X, 'PRODUCT ICN MACHINERY MASS (KG) : ',P10.0/ 

4 6X, ' NCN PRO EUCT10N EQUIPMENT MASS (KG) : • ,P10 .0/ 

4 6 X, ' UAEXT AT NASS (KG): *,F10.0/ 

4 6X, ’SOLAR POWER ARRAY NASS (KG): ', P10.0// 

4 IX, 'TOTAL SCF/SBP POWER (RW): *,F10. 0/ 

4 6X, 'PRODUCTION MACHINERY POWEB(KU): ',P10.0/ 

4 6 X, 'NCN PRODUCTION EQUIPMENT POWLP.(KW) '.F10.0) 

130 FORMAT (6X,'UA0I?AT POWER (KW) : '.FIO.O// 

4 IX, 'SCF WAREHOUSE VOLUME (CM): »,P7.0/ 

4 IX, 'BASS OF BUFFER F. E?L AC EKE NT PABTS IN WAREHOUSE (KG ): *,P7.0/ 

4 IX, 'COST OF BUFFER REPLACEMENT PABTS IB WAREHOUSE $»,F12.0// 

4 IX,' NUMBEB OF TEIEOPEBA TORS : ',P4,0/ 

4 IX, 'NUMBER OF CB AWLERS: • ,F4. 0/ 

4 IX, 'TOTAL SCT/SMP CREW: ',F5.0/ 

4 6X, 'SUPERVISORY CONTROL CBEW:', P5.0/ 

4 6X, 'REPAIR CREW: ', F5. 0/ 

4 6X, 'SUPFOET CBEW: *,F5.0) 

STOP 

EKD 


SCF0S310 
SCF05J20 
SCF05330 
5CP05340 
SCFOS350 
SCP05360 
SC FO 53 70 
SCP05380 
SC FO 5390 
SCF05400 
SCF05410 
SCP05420 
SCP0S430 
SCF05440 
SCF 054 50 
SCF05460 
SCP05470 
SCFO540O 
SCF 05490 
SCF05500 
, SCF 055 10 
SCF0S520 
SCF05530 
SC FOSS 40 
SCFOS5SO 
SCF05560 
SCP05570 
SCF05580 
SCF0S590 
SCF05600 
SCF05610 
SCF056 20 
SCF05630 
SCP05640 
SCPC5650 
SCF056 60 
SCF05670 
SCFC5680 
SCF05690 
SCF05700 
SC P 057 10 
SCF0S720 
SCF05730 
SCF05740 
SCF05750 
SCF05760 
SCF05770 
5CP05780 
SCF05790 
SCF05B00 
SCF05810 
SCF05B20 
SC PO 58 30 
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SUBECOTISt FEEERG 
IH Pile IT BEA1 (l,B,N) 

IBTEGEB NCTI, AC BACH* B (CODE (20,1 5), BCT (20) ,CNBNDL 

DIHENSICN KOCCHP (20, 1 S) , T YPt (20*15) , tlAINT (20,15) •NOFAIL (20,1 5) , 

♦ TCTIBE (20,15) ,NC STEP (20, 15) ,EAB1U (20, 15) ,TESEBV (20,15) , 

♦ CBS IF. V (20) , COST ( 20, 15) , BASS (20,15) ,»C10.1£ (20, IS) , 

♦ HUT I BE (20,15) ,FCB (20,15) ,CBS(20, 15) ,BECIXn (20,15) • 

♦ NOAOTO(2Q, 15) , NL CLN (20,15) ,N0TE1£ (20, 15) , NCCBAtf (20) , 

♦ BOHUd 1(20,15) .NOHO, 12 (20,15) ,TCPIDP (20, 15) ,TUF (20, 15), COF (20) 
COflMON NOCCB P, TIP E,NAINT,BB CODE, N0FAXL,TCT1HE, NCSTBP,BOBACH, 

♦ NCT ,OELIT ,5T7,TBA BT.TBA tlC , DELAY , SCBB, AN STBF, OF, OFT, LF , 

♦ EAUTU, TESEBV, CBSEB V,TUF, CUF, 

♦ COST, MASS, VOLUME, 8UTI«E,FCB,CBS,BECTia,TPEB,TCABGO, AH, 

♦ NCSTEF, EEPC,N E IPC, BBPT,NBBPT, VOL HU, NUTEIE, NOCBAH , NO HO Ml, 

♦ NO HUM 2 , NOAOTO, HOC IN, NOTE LE, NOCBAH, NCHOfll, NGH0H2, TCPXDP 
»VFAI1=20. 

CNEINDL-SCEE* AVFAIL 
BFEF=0. 

IDUMNY =1 NT (CNIJNDL* 1.0) 

BC 2 K= 1 , I EUEB1 
K-K- 1 
Z X F10AT (K) 

NFEF *NFEF*POISSH (Z, AVFAIL) • (1 .0) 

K*K* 1 

2 CONTINUE 

DO 3 K z IBUBni,33 
Z z i 1C AT ( K) 

NF£F*NFE F+POISSN (Z, AVFAIL) ♦ (CNN UDL/Z) 

3 CCNTINUE 

DO 7 I*1,NCfl ACH 
NCTX= ECT (I) 

DO 6 J= 1 , NCT I 

IF ( (RKCCDE(I,J) .EQ.3) .OB.(NOFAXL (I ,J) . LT. . 000 1) ) 

♦ GO TO 4 
EAE1H (I,J)=1.0-HPEF 
GO TO 6 

4 EAET U (I , J) s 0. 

6 CCNTINUE 

7 CONTINUE 
BETUBN 
END 
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SOBBOOTXNE CCSCP(NCflACH,..t»DPfiD,NCT,NOCOaP,SHTDWN,NOCLOS,88CODE, 

♦ NOFAIL.nACUDC.STITBC.PBOrC.ASYEC) 

IMPLICIT AEAl (l,B,N) 

XNTEGEB ENEPEC,NOSACH,NCT ( 20 ) ,BBCODB ( 20 , IS) 

DIMENSION HACHDC ( 20 ) .STATDC ( 20 , 15 ), NCCOBP< 20,1 5 ) , SBTPNB ( 20 , 15 ) , 

♦ NOCLOS ( 20 ) .NOFAIL ( 20 , IS) 

PBODC= 1.0 

tC 0 I» 1 ,EADPRC 

CALL CCflACH (I, HACHDC (I) .STATIC, HCT.NOCOaP.SBTOHN.NOCHIS, 

♦ FBCCEE, NCFAI 1 ) 

PBODC*PBODC»NACHDC(I) 

8 CONTINUE 

ASYDC*MACHCC (ENCPBC) 

IDOHBT=ENCPBD +1 
DO 11 J«IB(WHY,NOBACB 

CALL OCBACB (I, HACHDC (I) . STATDC. NCX.NOCOBP, SBTDHN.NOCLOS, 

♦ BBCOCE.NOFAIL) 

ASY DCc AS YDC*N ACHDC ( 1 ) 

11 CCNTINOI 
fiCTOBR 
SBC 


SCF06300 
SCF06J10 
SCF06320 
SCF06330 
SCFO6340 
SCF 063 50 
SCF06360 
SCF 063 70 
SCF06380 
SCF06390 
SCFO64O0 
SCF06410 
SCP06420 
SCF06430 
SCF06440 
SCF06450 
SCP0646O 
SCF06470 
SCP06480 
SCF06490 
SCF06500 
SCF06510 


C 


SUBROUTINE DCH ACU (I, K ACHCC.STATDC ,NCT,NCCOBP,SBTDWN,NOCLUS, 

♦ BECCEI. ACEAIl) 

IBELXCJT BEAL (L,N,N) 

INTEGER NC1I, ACT (20) , N INC, SHOT, ENCODE (20,15) 

DIHLNSICN NOFAIL (20, 1 5) , STATDC (20, 15) , NOCOBP (20, 15) , NOCLOS (20) , 

♦ S3T. «N (20,15) 

BACHDC*1.0 
BCII*NCT (I) 

00 8 J«1,NCTI 

IF (NOFAII (I,J) .IT. .0001) GO TO 7 

CALI CCSTAI(I,J,STAIDC(I,J),BBC0DE(X,0),N0FAIL(I,J)) 

IF(INT (STATDC (X, J)) . Etf . 1) GO TO 9 
IF.(INT(NCCCBP (I, J)| . EQ. 1) GO .TO 6 

XF(AGS(NCCCNP(X,J)/NOCLOS{X)-SHXDHN(X,J)) .LT. .001) GO TO 4 
CIOS EC-0. 

SH0I*INT (SIITDWN (I,J)) 

NINC-INI INCCC HP (I,w) /NOCLOS (I) ) 

DC 2 K=51JUT, MJC 

CLUSDC=CLI ' DC* HINDIS (K, NINC, STATIC (X,J) ) 

2 CONTINUE 

GO TO 5 

4 CLU SDC= STATDC (I, J)** (NOCOHP (X,J) /NOCLOS (X)) 

5 H ACHDC-fl ACHDC*CLUSDl‘ * (NOCLOS (I) ) 

GC TC 6 

6 B ACHDC*HACHDC*ST ATDC (I, J) 

GC TC 8 

7 STATIC (I, J)“ 1.0 

8 CCBT1KLE 
BETOBB 
INC 


SCF06S20 
SCP06530 
SCF06540 
SCP06550 
SCF06560 
SCF06570 
SCP0658 0 
SCF06S90 
SCF 06600 
SCP066 10 
SCP06620 
SC FO 66 30 
SCF 066 40 
SCF066S0 
SCF06660 
SCF06670 
5CP06680 
SCF06690 
SCF06700 
SCF067 10 
SCF06720 
SCF06730 
SCF06740 
SCF 067 50 
SCF06760 
SCF06770 
SCF06780 
SCF06790 
SCF06800 
SCF068 10 
SCF06820 
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SUBROUTINE DCSTAT (I, J ,ST ATDC,BBCODE, NOPAlL) 
IMPLICIT REAL |I,M,K) 

INTEGER BBCOEE 

IF (BkCOCE .EC. 3) GO TO 3 

IF ( (EBCCCE .EC. 21) .06. (6BCODE . EQ. 22)) GO TO 5 
CALL 3BC1 (I. J. BOLTIN) 

STATEC«1.0>NCf AIL* ROLTIB/ (365. 0*24.0) 

BETUBN 

3 STATBC s 1 .0 
BETUBN 

5 CALL BRC2 (I.J.BANTIH) 

SI AT DC* 1 . 0-NOFA1L*BANTIB/ (365.0*24.0) 

BETOBM 

EBO 


SCF06830 
SCF068 40 
SCF06850 
SCF06860 
SCF 06870 
SCF06880 
SCF06890 
SC FO 6900 
SCF06910 
SCF06920 
SCF06930 
SCF06940 
SCF06950 
SCF 06960 
SCF06970 


SC ?~ 780 

SUBROUTINE R EC 1 (I, J. BCITI M) SC Y' i 90 

IMPLICIT REAL (L,fl,H) SCP0.000 

INTEGER BECCCE (20,15) ,KCT (20) .NOKACH SCP07010 

OiaENSICN (IGCCMP (2C, 1 5) , T??E (20, 15) , HUNT (20,15) , NOFAIL (20, 15) , SCF07020 

♦ ICTlflE (20 ,15) , NCSTFP (20, 15) , EARTH (20, 15) , IESERV (20, 15) , SCF07030 

♦ CR5ERV{20) ,COST(20, 15) .MASS (2C, 15) ,VCIUME (20,15) , SCF07040 

♦ HUTIME (20 ,15) ,FCS (20 , 15) ,CI;S (20, 1 5) , RECIIM (20, 15) , SCP07050 

♦ NOAUTO (20, 15) ,NCCMI (2C, 1 5) , K0T2LE (20, 15) , NOCRAM (20) , SCPQ7060 

♦ NGHUfll (20,15) ,KCHUM2 (20, 15) ,TCFIDP(20, 15) ,7UF(20, 15) ,CUF (20) SCP07070 

CCMMCN RCCCMF, TYPE, MAI NT, BRCCOL, WOFA L, TCI IME , NCSTRP , N03ACB, SCP07080 

♦ NCT, DELI V, EXT, TRANT/I F.ANC, CELAI ,SCDR, ANSTBP, OP, UFT, LF, SCP07090 

♦ EARTH, TISEFV r CRSEBV,IUP,CrF, SCP07100 

♦ COST, MASS, VOLUME, HUTIHE, FCR.CBS, BECTIB ,TPEB,TCARGO, AH , SCF07110 

♦ NOSTR F, RFPC.NE F PC, RRPT, NRBPT, VOL WH,NUTEL2, NUCHAS, NOROBl, SCP07120 

♦ NUIItil 2, NOAUTO, JJCCLN .NCTLLE, NOCRA H, NCIIUM 1, NOHUM2,TCPIDP SCF07130 

TIME14*H0FAIL (I , J) * (NOCO HP (I, J) /TIPS (I,J))*14.0* SCF07140 

♦ (ICTIME (I, J) *TRANT) SCP07150 

TEL£14=T IJJL14/ (365.0*24. 0*UF) SCF07160 

lESERV(l.J) =RNCOFF(l4.G/TEL£14,.5) SCF07170 

IF (TESERV (I,J) . GT. ANSTRP) TESEFiV (I, J) =ANSTBP SCP07180 

TOP (I,J) = (TESERV (I,J) / 14. 0)*IIME1 4/ (365.0*24.0) SCF07190 

AVEf T=TCTIME (I,J)*TRAST SCP07200 

LAMfiCA=UF/AV E BT SCF07210 

HCLTIM=QOEU£ (AVERT, LAMBDA) ♦ETT*EAHTH (I, J) SCP07220 

BETUBN SCP07230 

END SCF07240 
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gi y 


c 


SUBROUTINE f BC2 (X,J,R AHTIH) 
IMPLICIT REAL (L,ft,N) 


INTEGER DC EACH, B fCCDE (20 ,15), NCT (20) , BCTI 

EXBEHS10N NO COUP (20, 1 5) , TXPE (20,15) , JUIHT (20, 15) , NOPAIL (20, IS) . 
TCTIfli (20 , 15) , KCSTL P (20,15) ,EABTII (20, 15) ,TS SERV (20, 15) , 
CBSEBV (20) .COST (20, 15) ,BASS (20,15) ,V0103S (20,15) , 

HUTIBE (20,15) ,FCB (20, 15) ,CRS(20, 15) ,RBCTIB (20, IS) , 

BOAOIO( 20, 15) , HOCL3 (20, 15) , HOTELS (20,15) , HQCR4V (20) , 

„„ ® 0 “ 0tt 1 (20 » 15 > <20 . 1 5) .TCFIOP (20, 15) . TOP (20, 1 5) , COP (20) 

COBHOH HOC Oil P,TXPE,BAX8T,R3COC£,NOFAXL,TCTXHE, 4CSTBP,ll08ACil, 

♦ 8CT .DEL 1 V, BTT, TBANT,TBAHC, DELAY, SCBfi«AHST8F,nF, OPT, LP. 

♦ EABTtt, 1ESEBV, CRSER V,T0F, COP, 

♦ COST, BASS, VOLOBB, U0T1BS, PCS, CBS, 8ECTXH,TPBfi,TCAB60, AH* 

♦ NCST£F,EBPC,Mf f EC, REFT, NEBPT, VOLVB, HOTELS, N0CR1N, M0BUB1, 

♦ HOB 03 2, BO A 0 X 0 , N0CLN,80TELE,N0CBAU,NCa0H1,t!CH0fl2,TCFXDF 
TINE 14* .0 

XPPAXL* .0 
PBXTXB* .0 
HCXX*8CT (X) 

00 5 R*1 ,8CTX 

XF(fifcCOCE(I,K) .EQ. 1) GO TG 3 

TME14»T INE14+NCFAIL (I,R) *MCCOtlP(I,R) /TYPE(I*K) *10,0* 

♦ (TCI ME (1,K) *T8 ABC) »NOCOHP(I,R)/TYPS(I,K)*14.0* 

♦ BAXHT(I.R) 

XF(B8CCCE (1,‘ , .EQ. 3) GO TO 5 

TPFAXL*TPFAI: •*OPAIL (I,K) *NOCOHP(Z,K) /TYPB(X.K) *14. 0 
CC TC 5 


TXBE 14*TXaE14*HOCOHP (I,K)/TYPB (X,R)*14.0*BAI8? (X,R) 
CONTINUE 


CBAil14»lUUlM/ (365.0*24. O*0F) 

CBSEBV (I) s BHCOFF(1 4.0/CBAH14 , , ^ 

IF (CBSEBV (I) .GT. ABSTfiP) CBS£« V (I)«ANSTBP 
COP (I) » (CBSEBV (I)/ 14. 0) *TISE 14/(305. 0*24. 0) 
AV£Bl=TCIIflE(I,J) +TRAHC 

LABBOAaTPPAIL* (CBSEBV (I) /14. 0)/( 365. 0*24. 0) 

BAHTiaaQOEOE (AVERT, LAHEOA) *(C0F(X) ~L A3 BO A* A VEST* IP) *DELAT* 
♦ ETT*f ABTB (1,J) 

SZTOBB 

SR9 


S CP 07250 
SCP07260 
SCP07270 
SCF07280 
SCFP7290 
SCP07300 
SCP07310 
SCPC7320 
SCP07330 
SCF07340 
SCF073S0 
SCF07360 
SC £07370 
SCP073BO 
SCP07390 
SCP07400 
SCF074 10 
SCP07420 
SCF07430 
SCF07440 
SCP0745C 
SCF07460 
SCF07470 
SCPO 80 
SCP07490 
SCF07500 
SCF07S10 
SCF07520 
SCF07530 
SCF07540 
SCP075S0 
SC F 075 60 
SCP07570 
SCF0758C 
SCF07S90 
SCF07600 
SCF076 10 
SCP07620 
SCP07630 
SCPO 7640 


C 


SUBROUTINE SIZSCF { SCFEC, OOTPOT,BOSTBP,SPSCAP) 

IMPLICIT BEAL |L,3,N) „ „ 

II0STNP*F10AT (I t»T (OUTPUT/ (365.0*24.0*51.0*252.0/1. 17*SCFBC))) 
IF (HOSTBP/14. O'FLOAT (IBT (NOSTRP/14.0) ) .GB. .S) GO TO 6 
(I0STBP°F10AT (IBT (8GST8P/14.0) ) *14. 0 


GO TO 8 

6 H0STBP*f LO AT (IBT (ROST BP/ 14.0) ♦ 1) *14. 0 

8 SPSC AP*(BCST6E*SCF0C*3o5. 0*24. 0*5 1.0*252. 0/1 .17)/OOTPUT 


BETUBN 

BBC 


SCF07650 
SCF07660 
SCF07670 
SCF07680 
SCF07690 
5CF07700 
SCF077 10 
SCF 07720 
SCF07730 
SCF07740 
SC FO 77 50 


A65 



c 


soeaooTisE whs fse(voibh, scfdc,dcauto) 

IMPLICIT FEAI (L,B,B) 

20TBGEB BC?1,BCT(20) , OPCODE (20, IS) ,80BACB 

DIHENSICS COST C 23, IS) ,BASS (2C, IS) , VOLOBE (2C, 15) , NCCOBP(20, IS) , 

♦ TYPE (20, tS) ,H0FA1I> (20,15) ,H0TIBE (20,15) ,TCTIBE(20,1S) , 

♦ FCB (20,15) ,C8S (2C, 1 5) .6 ECTIB (20,15) ,£A6TB (20,15) , 

♦ 1 SS Eh V (20,15) ,CESShV (20) ,NOAUIO (20, IS) ,HOCIN (20, IS) , 

♦ B0TE4E (20, 15) ,HOCfiAH (20) ,BOBOB1 (20,15) , NO HO 02 (20,15) , 

♦ TCi T DP (20,15) , SAINT (20, 15) ,BCSTB?(20, 15) , TOP (20, 15) ,COP (20), 

♦ CCSt 1(20,15) .C0DE2A (20,15) ,CODS2K(20,1S) ,C00E3 (20,15) 

COBBOII H0C03P,Tf PS, SAINT, BBCODS, NOFAIL,TCTIBE, NCST8P«H0BAC8, 

♦ BCT,DEIXV,ETT, TEANT, IBANC, DELAY, SOBS, AKSTBP, OP, OFT, IP, 

♦ EABTU,TESEBV,CBS£BV , TOP, COP, • 

♦ COST, BASS, VOLOBE, BOTI BE, PCS, CBS, 8ECTIB,TPBB,TCAB GO, AB, 

♦ NCSIBF.Bf PC,NRBPC,BBPT,NBBPT, VOIUH,BU?ELB,NOCBAN,NOHOB1, 

♦ B0B0B2, NCAUTO, NO('IN,NOTELB,NOCBA8,80UOB1,NOBOB2,TCFZOP 
00 2 X*1» HCB ACB 

SCTI*JC1 (I) 

00 1 0*1,NCTX 

C0EE1 (1,0) =0. 

C0CE2A (I,J) =0» 

C00E2B (1,0) *0. 

COE£3(X,O)«0. 

IF (&BCOOE (I, J) 

I?(hSCCDE(I,J) 

IF (BBCOD£(I, J) 

IF(SBCOOE(I,J) 

BOTELE(I,J)->0. 

EOCBAH (I) =0. 

SOUOn 1 (I,J) s 0* 

1 CCBTINOE 


.EQ. 1) CCCE1 (I, J) *1.0 
.EQ. 21) C0DE2A (I,0)*1.0 
<El). 22) C0CE2H (I,0) s 1.0 
.EQ. 3) CODE 3 (1,0)* 1. 0 


2 CONTINUE 
BP POO. 
NSEPOO. 
BSPT*0. 
NF8PT*0. 
VCIWH=0. 
BUBJB1*0. 


NUBC82 S 0. 

B0ZEIE*Q. 

NDCBAN«0. 

00 15 1*1 , ECEACB 
NCTl*NCT »I) 

00 14 J* 1, NCTI 

TCFIEP (I,J) =DELIV*HOFAIL (I, J) *NOCOHP (I, J)/TTP6 (1,0) • 

♦ HOSTSP*SCFDC 

VOLWII= VOLWH ♦ (COOE1 (1, J) +C0DE2A (I.J) ♦C0DE2H (I, J) ) * 

♦ SOBR* (FCR (1,0) * VO ID HE (I, J) *TCPIOP (1,0) ) 

♦ ♦COOE3 ( 1 , 0 ) * ( (TCF I OP (1,0) *KECTia (1,0)/ 

♦ (365. 0*24.0*OELIV) *VOLOBE (t,0) *S08B) 

♦ ♦ (FCS (I, O) * VCLU.HE (I, J) *TCF IDP (1,0) ) ) 
BBPOF.BPOTCPIDP (1,0) *PCB (1,0) *BAS5 (1,0) *CBS(X,0) 


SCP07760 
SCF07770 
SCF07780 
SCF07790 
SCP07900 
SCF07810 
SCF07820 
SCF07830 
SCF07840 
SCF07850 
SCF07U60 
SCF07870 
SC FO 7880 
SCF07890 
SCF07900 
SCF07910 
SCF07920 
SCF07930 
SCF07940 
SCF07950 
SCF07960 
SC FO 79 70 
SCP07980 
SC FO 7990 
SCF08000 
SCP089 10 
SCF08020 
SCF08030 
SCF08C40 
SCF08050 
SCF08060 
SCF0B070 
SCF08080 
SCP08090 
SCF08100 
SCP08110 
SCF08120 
SCF08130 
SC FOE 1 ‘-I 
SCFP8150 
SCF08160 
SCF08170 
SCF08180 
SCF08190 
SCF08200 
SCF08210 
SCF08220 
SCP03230 
SCP08240 
SCF08250 
SCF08260 
SCF08270 
SCP08280 
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♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 


KIPC«1UK« C0DE1 (I, J| KOPE» (I, J) »COW2l (I, J|) * SCF 082 90 

(S0BB-1.C)«(TCFIDP|1,J)»FCA(I,3) SCFC8300 

CBS(I,J)) ♦ CODE 3 (1.3) * (TCFICP(I.3) *SECTIB (X,3)/ SCF 683 10 
(HS.0*2*.C*CUII) *COST (1.3) *SCBB) SC FOB 3 20 

BIR>Un» (CODEX (I,J) *CObE21(J,J| ♦CODE2B(I,J) ) • SCF08333 

(TCFIDF(I. 3) *FCB iI.J) *RASS (1^1 ) • (BARTS (I,J) *TPEB SCF08380 
»(1.0'UBTB(I.3))»TCABGO) SCF 083 SO 

«CCOE3 P .J) *TCFIDP (I,J) •* CB (X. J) *8ASS (1.3) *t CARGO SC FO 8 3 60 
nimilBR* (COBE1 (I, J) +CODE2A (X ,3) *CODE2S SCF08370 

(SOBB- 1 .0)*(TCFIDP(I,3) nca (1,3) *RASS (X.3) ) *TCAB6OScr0a380 




♦C0D1 3 P , J) • (TCPIDP (I, J) *A iCTIS (X ,3) / 
(365. 0*28. 0*DEAXT) *S0BB*aASS(X,3))«TCABG0 


C**« 


3 

8 


55 

555 


C* BOD 1 

B0AB10 (1.3) “CODE 2 A (I. J) *TCF1DP (I.J) * BBT IBS 

Aa/(365.0*24.0*DBAI7*0CASTQ) 

IMMWM*** 

If (SBCOOE (1,3) .HB. 21} 60 TO * 

If (BCAOTO(I.J) .U. 1.8) 60 10 3 
BO ROTO (1,3) oBSDOP f (B0A0T0 (1,3) ,. Cl) 

60 1C 8 

BO 4 BIO (1,3) *1. 0 

B08D82 P ,J) aC0D£2B (1.3) *TCPIDP (I r 3)*BBTXRE (1,3)/ 
(365.0*24.0*£ELIV) 

B0BBB2* BORO B 2* BC88B 2 (I , J) 

If (USEBt (1,3) .Gt. .0001) 60 TO 5 
60 10 6 

IF (ABS(1ESEBV(X,3)'ARS1BP) .AT. .0001) GO TO 55 
BOIEAE ( X .3) >BB EOF F (BOSTBF/TBSEBV P .3 ) .OFT) 

60 1C SS5 

BOltLE (1,3) *T0P (I,3)/0F 
BUI EAE* BUTE AE» BC12AB (Z.3) 

IF ( (BBCOCE (2,J) . EU . 1) .ABC. (H0TIRE(1,3) .GT. .0001) ) 

BCU0R1 (1, J) =aDTI 3E (X ,3) /TCTX3B (1,3) •BOTELB (I,-1) 
BOHOB 1*M OMOR 1* BO HUB 1 (X ,3) 

IF ( (CBSEBV (XI .Cl. .0001) .ABO. (3 . 80. 1)) 60 TO 7 
60 10 8 

IF iHOSTBF/CRSERV (X) . AT. OFT) GOTO 75 
BOCEAM (X)*E BDOFP (NCSTBP/CBSEBV (I) .OFT) 

GO TC 16 
kOCBAH (X)* 1 .0 
B0CAAB*BUCE AK+ BOCBAB(I) 

HOC IN (I ,J) «C0DE3 (1,3) +TCPIDP (I, J) *BECTIH P.3)/ 
(365.0*29. 0*EE1IV) 

IF (BQCAB (1,3) .AT. .001) GO TO 14 
XF (HOC AH (1,3) .AT. 1.0) GO TO 10 
BOCAN (1 ,3) BDOFP (BOCA It (1,3) . .01) 

GO TO 14 
BOCLR (I , J) * 1.0 
CCBTIAOI 
15 COBIIBDE 

BOROBloEBOCFP (BOBORl,. * 1) 

3DUUB2»EKC0FF (HUBUR2, .01) 


75 

76 
8 


10 

14 


SC f 08 390 
SCF08800 
SCF08418 
SCF08820 
SC FO 84 30 
SCF08880 
SCF08' 50 
SCF 06460 
SC FO 8470 
SCF08880 
SCF08490 
SC700500 
SCP08S10 
SC FOSS 20 
SCF06S30 
SCF00S80 
SCF 08550 
9CP08560 
SCF 09570 
SCF08580 
SCF08590 
SCF08600 
SCP086 10 
SCF08620 
SC 2086 30 
SCF 066 40 
SCF08650 
SCF08660 
SC FO 8670 
SCF08600 
SC FOB* 90 
5CF08700 
SCF08710 
SCF087 20 
SCF08730 
SCF087 40 
SCF08750 
3CF08760 
SCF08770 
SCF08780 
SCF08790 
SCF08800 
SCPC8A10 


VClBR a VCXVH*VCAEfl 

BE1DBN 

EBE 


SCP08820 

SCF08830 

SCF08840 
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V o u v 


SCF 088 SO 
SC FO 68 60 


SC FO 88 70 
SCP08880 

BEAL P8RCTX0B OBESE (RO.LAaEDA) SCF88890 

ItU 88* LABEDA SCF88908 

Q8C8E* 1. 8/ (1 . 0/BU-LAH E DA) SCP08910 

BET 081 SCF 88928 

110 SC FO 89 30 


C SCF 00960 

till FBSCTJCB FCISSB(X.Y) SCF 08 9 SO 

UU E.T.X SCF08960 

SETA E/2.71828/ SCP08970 

POISSB* (!••*) • |E** (-1) I/PACT (X) SCF08980 

BITBSB SCF 08990 

180 SCF09008 


C SCP090 10 

BEAL FOBCTXOB FACT(Z) SC PO 90 20 

IBTE6KB I # B SCF09030 

BEAL X SC P 090 90 

PACT* UO SCF 090 SO 

If((Z>1.0) .LI. .6091) BBTQBB SCP09060 

K«XBX (Z) SCF 09070 

OC 10 X>2 # X SC P 090 80 

PAClsPACT* FLOAT (X) SCP09090 

10 CCBTXBBE SCP09100 

BE10BB SCP091 10 

SBC SCP09120 


BEAL POACTXOB EIBOIS (K.H,P) 

IBTEGLB H.K 
BEAL P 

BI&D1S>FACT(P1C AT ( B) )/ (P ACT (FLOAT (B-K) ) *P ACT (FLOAT (K) ) ) • 
♦ (P**X)* ( (1.0“P)** |H-K)) 

BETOBB 

EBO 


SCF09130 

SCF09160 

SCF091SO 

SCF09160 

SCF09170 

SCF09180 

SCP09190 

SCF09200 


c SCP092 10 

BEAL FUKCT2CB BBOOFF (B.BAX) SCF09220 

BEAL B, BAX SCP09230 

XF (P- FLO AT (XBT (B)J.GE.BAX) GO TO 0 SCF09240 

BICCFF*UOAI(XBT(B)) SCF09250 

BETUBB SCF09260 

6 BI0CEF*F10A1(XBI(B)*1) SCF09270 

BETUBB SCP092B0 

BBC SCF092S0 
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FILE: VARIATE DATA 


A CONVERSATIONAL HOBXTCfi SISTBB 


1.0 0 
o 7 a 

0 

3 3 13 

9 3 4 

7 13 13 7 

7*75 

i. i« %. 

1. 1. 1. 1. 

2. 1. 1. 

1. 6. 4. 1. 

1. 1. 1. 1. 

.5 

72. 

.17 

.05 

.02 

300. 

100. 

1.4 

280. 

.7 

.15 

.05 

.5 

0 . 

20*0. 

ICO. 

9. 

2000. 

10. 

35. 

100. 

.035 

10. 

100. 

«. 

365. 

300. 

1.5 

0 . 

.1 

20. 

.10 

1100. 

2.5 

25000. 

10. 

0 . 

0 . 

2. 

100. 

2.5 

0. 

• 001 

0 . 

0 . 

0 . 

3000. 

tcococoo 

• 2000000. 

0. 

20. 

0 . 

0. 

10. 

10*0. 

2500. 

100. 

9. 

2 • 

10000000. 

.1 

20. 

5000000. 

7500. 

15.- 

1. 

0 . 

0 . 

7000000. 

150000. 

2000. 

25. 

.001 

20. 

15000000. 

4C00Q0. 

750. 

1. 

0 . 

0. 

1 . 

TBEBHAL BELT 

1100. 

* 

24000000000. 



D? OF AL REAR CONTACT 

DV OF SI WAFER ARC F-DCPABT I APIA STATIC N 

PULSE fi EC B Y 3TALL1 2 AT 10 A 

SCAR CECR 1ST AL LIZ AT ICR 

H- DOF AST IHPLANTATICS 

AUREAL 

DV OF AL FRCBT CCHTACT 
FROST CCSTACT SISTER2SG 
CELL CROSSCUT 
CELL INTERCONNECTION 
DV OF SILICA OPTICAL COVER 
DV CF SILICA SUBSTRATE 

PANEL ALIGNHENT & SPARE PANEL INSERTION 

PAHEL ISTERCCNSECTICB 

LC SGITODI SAL CUT 

RAPTCS TAPE APPLICATION 

ARRAY SEGMENT FOLDING AND PACKAGING 

BELT 

HOT CB /DRIVE 
END ECLLEBS 
THERMAL CONTROL 
EB GUN 

FILAMENT MAGAZINE 
SLAB FEEDER 
PANEL BAFFLE 
SIDE EAFFLE 
SIDE BAFFLE GUIDE 
COOLING SYSXEfl 
EB GUN 

FILAMENT MAGAZINE 
SLAB FEEDER 
PANEL BAFFLE 
SIDE EAFFLE 
SIDE RAFFLE GUIDE 
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FILZ: VARIATE DATA 


A 


CON? IBS ATXOB At BOBXtOB SI ST 8 A 


BOBCN ICS XNFLANTEB 
COOLING SISTEB 
SB GOB 

FltABEBT BAGAZIBE 
COOUBG SISTEB 
EB GOB 

FltABEBT BAGAZIBE 
COOUBG SISTEB 
PBOSPHOBOS ICB IB PLANTE B 
EB GOB 

Fit ABEHT BAGAZIBE 
COOt I KG SISTEB 
EB GOB 

FltABEBT BAGAZIBE 
SLAB FEE DEB 
BASE 

BASK GUIDE ABB BOLtOF 
PANEL BAFFLE 
SIDE BAFFLE 
SIDE EAFFLE GUIDE 
COOIIBG SISTEB 
EB GOB 

FltABEBT BAGAZIBE 
COOUBG SISTEB 
LASER 

KGTETOB LA BP BAGAZIBE 
GUIDE BCLLEBS 
SHIELD 

ELECTROSTATIC UELDEB 
INTERCONNECT FEEDEfi 
INTERCONNECT BCLL 
SEBSCfiS 

VAEIAELE SPEED BOtlEBS 
BOTCH 

GUIDE HOLLERS 
EB GUM 

FILAMENT BAGAZIBE 
SLAB FEE CEB 
BASKING DEVICE 
T-STBIP RISK PACKAGE 
OKTGEN DISPENSER 
PANEL BAFFLE 
SIDE EAFFLE 
SIDE BAFFLE GUIDE 
SOFT SUBFACE BELT 
ROTOB/DRIVE 
END BCLLEB 
COOLING SISTEB 
EB GUN 

FILABENT MAGAZINE 
SLAB FEIDEE 
BASKING C£ VICE 

STRIP BASK PACKAGE 
OTTGEN DISPENSES 
PANEL BAFFLE 
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mu variate date 


conversational bonitor ststrb 


A 


SIDE EAFFLE 
SIDE EAFFLE GO IDE 
SOFT SURFACE BEIT 
BOTCB/DEITE 
SAD A CALEB 
COOLING SXSTZB 
ACCUEBATOR BELT 
TAB2 ABLE SPEED AOLLEBS 
PABEL BESOVE8 
PANEL XNSEBIEB 
PANEL BOPPEB 
SENSOBS . 

GOLDS BCLLEBS 
ELECT SOSTATXC NELDEB 
ISTEBCCBNECT PEEDEB 
XNTE6CONNECT BOLL 
SSBSCBS 

TABXABLE SPEED BCLLEBS 
BOTCH 

GO IDE BOLLEBS 
LASER 

EBFPTON LABP BAGAZXNE 
GUIDE BCLLEBS 
SBIELD 

STATION Afit TAPER 
STATICNA2T TAPE REFILL 
CBOSS TAPER 
CROSS TAPE REFILL 
SOFT ROLLER 
GO IDE ROLLERS 


CROSS TAPE BCTCB 
GOLDS BCLLEBS 
VERTICAL DEFLECTORS 
BOX AUGBBENI 
BOX LABELING 
TRAILING EDGE GOXDE 


1000000. 

1. 

10 . 

0. 

sooooo. 

1. 

10 . 

• 02S 
25000. 

2 . 

10 . 

.05 

5QC0000. 

1 . 

50. 

.01 

ICOOOOO. 

2 . 

0 . 


25000. 

1. 

00 . 

0. 

10000 . 

1. 

1 1 . 
20 . 
500. 

2 . 

11 . 

15 . 

25000. 

1. 

12 . 

200 . 

720. 

1. 

215. 


0. 

1. 


0. 


0. 

20 . 

1. 


.5 



0.5 


4000. 

2. 

s. 

0. 

1. 

•0001 

1000. 

s. 

s. 

2. 

1. 

• 001 

50. 

20. 

2. 

1. 

6. 

.001 

200. 

5. 

5. 

1. 

1. 

.001 

20. 

• 1 

1. 

.05 

0. 
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NtS: VA&IATB 

. DATA A 


CO 8 V££ SAT 10 UAL 

BOBXTOB STSTEtJ 

.005 

50. 

0. 

2. 


5000. 

10. 

0. 

• 04 

.003 

2. 

0. 

1. 

0. 

0. 

0. 

ill. 

0. 

•02 


1* 

250. 

0. 

0. 


500000. 

500. 

• 01 

50. 

.5 

2. 

1. 

1. 

.5 

0. 

0. 

212. 

•25 

•05 


.01 

10. 

0. 

6. 


2S000. 

.05 

0. 

• OS 

.00005 

1* 

0. 

1. 

0. 

0. 

0. 

373.6 

0. 

.03 

■ 

1. 

1.5 

0. 

3. 

• 

25000. 

15.5 

0. 

10. 

.025 

2. 

0. 

14. 

0. 

0. 

0. 

336.0 

0. 

• 02 

. 

1. 

1.5 

0. 

20. 


250000. 

50. 

• 01 

25. 

1. 

2. 

2. 

14. 

4. 

.0001 

5. 

11. 

•01 

.1 


.02 

5. 

0. 

20. 


5000000. 

89. 

.007 

22. 

.2 

1. 

1. 

1. 

5. 

.0005 

10. 

215. 

1. 

.05 


•02 

15. 

0. 

2. 


0. 

920. 

7.3 

25. 

.1 

20. 

4. 

1. 

1. 

0 . 

0 . 

215. 

• 5 

.05 


.005 

50. 

0 . 

70. 


0 . 

10. 

0 . 

.04 

.003 

20. 

0 . 

1. 

0. 

0 . 

0 . 

311. 

0 . 

• 02 


1. 

250. 

0 . 

0. 


0 . 

600. 

.01 

60. 

.5 

20. 

4. 

1. 

.6 

0 . 

0 . 

212. 

• 25 

.05 


.01 

10. 

0 . 

20. 


0 . 

.35 

0 . 

.25 

.00035 

4. 

0 . 

1 . 

0 . 

0 . 

0 . 

3319.6 

c. 

• 03 


1 . 

1.5 

c. 

14. 


0 . 

15.5 

0 . 

10. 

• 025 

4. 

0 . 

14. 

0. 

0 . 

0. 

i 159.8 

c* 

.02 


1. 

1.5 

0 . 

20. 


0 . 

50. 

.01 

25. 

1. 

4. 

1 . 

14. 

4. 

• 0001 

5. 

11. 

.01 

.1 


• 02 

5. 

0 . 

20. 


1000000. 

2500. 

1.75 

25. 

.5 

20. 

4. 

1 . 

2. 

.00002 

200. 

215. 

.25 

.05 


.01 

too. 

0. 

20. 


0 . 

1330. 

.152 

360. 

2. 

1 . 

1 . 

1 . 

20. 

.002 
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FIJ.B: VABIATfi DATA 


A 


ccvrfifiSAuofiAt aofiixofi sistm 


10. 

• 01 

0. 

2 . 

0. 

.005 

0. 

2 . 

0. 

1 . 

0. 

1 . 

10 . 

.02 

0. 

2 . 

0. 

• C05 
0. 

2 . 

0. 

1 . 

0. 

1 . 

10 . 

.02 

2CC0000 • 
2 . 

200 . 

.01 

0. 

2 . 

0. 

.005 

0. 

2 . 

0. 

1 . 

0. 

1 . 

10 . 

• 02 
0. 

4. 

0. 

.005 

0. 

4. 

0. 

1 . 

0. 

4. 

0. 

• 01 

100000 . 


2110 . 

15. 

430. 

1. 

215. 

50. 

"0. 

0. 

35. 

250. 

95. 

1. 

215. 

15. 

270. 

1. 

215. 

50. 

10 . 

0. 

33. 

250. 

62. 

1. 

?15. 

15. 

25G0. 

2. 

215. 

100 . 

240. 

1. 

215. 

50. 

1C. 

0. 

33. 
250. 
62. 

1. 

215. 

15. 

410. 

1. 

215. 

50. 

1C. 

0. 

34. 
250. 

SCO. 

1 . 

2 12 . 
10 . 

12000 . 


2. .05 

0 . 2 . 

1.6 10. .05 

1. 1. 0. 

.5 .05 

0. 6. 

0. .04 .003 

1. 0. 0. 

0 . .02 

0 . 0 . 

.008 24. .2 

1. 5. *0005 

1. .05 

0. 2. 

.6 5. *05 

1. 1. 0. 

.5 .05 

0 . 6 . 

C. .04 .003 

1. 0. 0. 

0. .02 

0. 0. 

•003 1 1 

1. S. .0005 

1. .05 

0. 3. 

1.75 25. .5 

1. 2. .00003 

.25 .05 

0 . 20 . 

.4 S. .05 

1. 1. 0. 

.5 .05 

0 . 6 . 

0. .01 .003 

1. 0. 0. 

0. .02 

0 . 0 . 

.001 14. .1 

1. 5. .0005 

1. ' .05 

0. 3. 

1.6 10. .05 

1. 1. 0. 

.5 .05 

0 . 6 . 

0. .04 .003 

1. 0. 0. 

0 . .02 

0 . 0 . 

.01 SO. .5 

1 . .2 0 . 

.25 .05 

0 . 6 . 

0. 300. 1. 
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FJAB* TABXATE PATE 


2. 

0 . 

.01 

2SOOOO. 

2 . 

10 . 

•OS 

0 . 

2 . 

0 . 

1 . 

0 . 

0. 

0 . 

1 . 

0. 

«. 

5. 

.02 

0 . 

1 . 

10 . 

.01 

0 . 

2 . 

0 . 

.005 

0 . 

2 . 

0. 

1 . 

0. 

1 . 

10 . 

.02 

750000. 

1 . 

25. 

.05 

1000 . 

1 . 

0 . 

1 . 

1000 . 

2 . 

0 . 

1 . 

500. 

1 . 

0. 

0. 

eoooo. 

i. 

is. 

.04 


CCBVEBSATXONAA flOHITCB SYSTEM 


A 


0. 

3353. 

20 . 

2500. 

1. 

15. 

10 . 

.05 

0. 

336.6 

1.5 

15.5 

0. 

210.0 

1.5 

SO. 

2. 

11 . 

5. 

190. 

1. 

2110 . 

15. 

220 . 

1. 

21 5. 

50. 

10 . 

0. 

3 3. 

2 SO. 
62. 

1. 

21 5. 

IS. 

3250. 

1. 

21 10 . 
25. 
100 . 

0. 

3 2. 

1000 . 

10 . 

0. 

3 .05 

20 . 
20 . 

0. 

0 0.* 

0. 

140. 

1 . 

21 8 . 
35. 


1 . 

0. 

1 . 

2. 

1 . 

.05 

0. 

0. 

1 . 

0. 

0. 

0. 

14. 

0. 

0. 

.01 

14. 

.01 

0. 

.006 

1. 

1. 

0. 

0.2 

1 . 

.5 

0. 

0. 

1 . 

0. 

0. 

.001 

1 . 

1 . 

0. 

2.5 

1 . 

1 . 

c. 

0. 

1 . 

0. 

0. 

0. 

1 . 

0. 

0. 

0. 

1 . 

0. 

0. 

0.5 

1 . 

.25 

0. 


0. 

.1 

2 . 

250. 

5. 

.25 

2. 

.05 

0. 

.03 

3. 

10 . 

0. 

.02 

20 . 

25. 

4. 

.1 

20 . 

30. 

10 . 

.05 

1. 

5. 

1. 

.05 

6« 

.04 

0. 

.02 

0. 

14. 

5. 

.05 

3. 

20 . 

5. 

.05 

2 . 

.1 

0. 

.03 

2 . 

.5 

0. 

.05 

0. 

1. 

.1 

0. 

0. 

10 . 

.01 

.03 

2. 


0. 


3. 

.001 


.00005 

0. 


.025 

a* 


i. 

.0001 


-.2 

.0001 


.05 

0. 


.003 

0. 


.1 

.0005 


•25 

.001 


.005 

0. 


.003 

0. 


.01 

0. 


.1 

.00001 
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FILS: TABIATB 

DATA A 


CCKVEESATIOBAL 

SOHIOa STST8B 

4 C 00 Q 0 . 

500 . 

1.0 

20 . 

.1 

i . 

1 . 

1 . 

.01 

.00001 

15 . 

21 4 . 

• 25 

.03 


• 1 

130 . 

0 . 

2 . 


20000 . 

120 . 

0 . 

15 . 

.05 

1 * 

1 . 

1 . 

0 . 

0 . 

0 . 

3 70.2 

0 . 

• 03 


0 . 

0 . 

0 . 

0 . 


20000 . 

500 . 

.1 

.1 

.005 

2 . 

2 . 

1 . 

0 . 

0 . 

0 * 

22 .7 

1 . 

• 03 


• 2 

5000 . 

0 . 

4 . 


5000 . 

SO. 

.. 1 

.8 

•007 

4 . 

2 . 

1 . 

0 . 

0 . 

0 . 

21 .2 

.75 

• 03 


• 06 

75 . 

0 . 

40 . 


3 C 00 C 0 . 

150 . 

1 . 

10 . 

.025 

1 . 

1 . 

1 . 

.01 

.00004 

15 . 

21 1 . 

2.5 

.03 


.04 

135 . 

0 . 

2 . 


0 . 

10 . 

0 . 

.5 

.003 

4 . 

0 . 

1 . 

0 . 

0 . 

0 . 

3 .05 

0 . 

.05 


1 . 

20 . 

0 . 

0 . 


0 . 

070 . 

7.0 

25 . 

.1 

30 . 

4 . 

1 . 

1 . 

0 . 

0 . 

215 . 

• 5 

.05 


.005 

50 . 

0 . 

70 . 


0 . 

10 . 

0 . 

.04 

.003 

30 . 

0 . 

1 . 

0 . 

0 . 

0 . 

311 . 

0 . 

.02 


1 . 

250 . 

0 . 

0 . 


0 . 

GCO. 

• 01 

60 . 

0.5 

30 . 

4 . 

1 . 

.3 

0 . 

0 . 

212 . 

.25 

.05 


.01 

10 . 

0 . 

50 . 


100000 . 

500 . 

1 . 

SO. 

1 . 

1 . 

1 . 

1 . 

10 . 

.0005 

15 . 

215 . 

.25 

.05 


.01 

20 . 

0 . 

2 . 


25000 . 

ICO . 

0 . 

5 . 

. 0 C 2 

1 . 

0 . 

1 . 

15 . 

0 . 

0 . 

371 . 

0 . 

.03 


.001 

20 . 

.75 

2 . 


5000 . 

25 . 

.0005 

5 . 

.5 

6 . 

1 . 

1 . 

5 . 

0 . 

0 . 

11 . 

0 . 

• 03 


.01 

10 . 

0. 

5 . 


0 . 

. 35 

• 0 

.25 

.00035 

6 . 

0 . 

1 . 

0 . 

0 . 

0 . 

3319.6 

0 . 

• 03 


1.0 

1.5 

• 0 

14 . 


0 . 

15.5 

.0 

10 . 

.025 

6 . 

0 . 

14 . 

0 . 

0 . 

0 . 

3159.8 

0 . 

.02 
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m*3 f ABI1TB 

thth h 


conversation *! 

HO NIX OB SISTER 

no 

1.5 

.0 

20 . 


0 . 

SO . 

.01 

25 . 

1 . 

6 . 

1 . 

10 . 

4 . 

.0001 

5 * 

11 . 

.01 

.1 


• 02 

5 . 

0 . 

20 . 


1000000 . 

20000 . 

0 . 

30 G 0 . 

2 . 

1 . 

1 . 

1 . 

5 . 

.001 

10 . 

00 . 

0 . 

0 . 


0 . 

0 . 

0 . 

1 . 


0 . 

7000 . 

15 . 

700 . 

4 . 

1 . 

1 . 

1 . 

5 . 

.0001 

10 . 

11 . 

.5 

2 . 


• 025 

? 0 . 


1 . 

• 

0 . 

1 C 00 . 

5 . 

100 . 

40 . 

1 . 

1 . 

1 . 

2 . 

. 00 ! 

10 . 

12 . 

.25 

1 . 

. 

• 05 

15 . 

C . 

6 . 


0 . 

1577 . 

.219 

531 . 

3 . 

1 . 

1 . 

1 . 

30 . 

.003 

10 . 

2115 . 

2 . 

.05 


• 0033 

15 . 

0 . 

1 . 


0 . 

870 . 

7.0 

75 . 

.1 

20 . 

4 . 

1 . 

1 . 

0 . 

0 . 

215 . 

.5 

.05 


.005 

50 . 

0 . 

70 . 


0 . 

10 . 

0 . 

.04 

.003 

20 . 

0 . 

1 0 

0 . 

0 . 

0 . 

311 . 

0 . 

.02 


1 . 

250 . 

0 . 

0 . 


0 . 

600 . 

.01 

60 . 

.5 

20 . 

4 . 

1 . 

.3 

0 . 

0 . 

212 . 

• 25 

.05 


• 01 

10 . 

0 . 

50 . 


0 . 

500 . 

1 . 

50 . 

1 . 

1 . 

1 . 

1 . 

10 . 

.0005 

15 . 

215 . 

• 25 

.05 


.01 

20 . 

0 . 

2 . 


0 . 

100 . 

0 . 

5 . 

.005 

1.0 

0 . 

1 . 

15 . 

0 . 

0 . 

J 47 . 

0 . 

.03 


.001 

20 . 

• 75 

2 . 


0 . 

25 . 

• 0005 

5 . 

.5 

4 . 

1 . 

1 . 

5 . 

0 . 

0 . 

11 . 

0 . 

0 . 


.01 

10 . 

0 . 

5 . 


0 , 

• 35 

0 . 

.25 

.00035 

4 . 

0 . 

1 . 

0 . 

0 . 

0 . 

3319.6 

0 . 

.03 


1 . 

1.5 

0 . 

14 . 


0 . 

15.5 

.0 

10 . 

.025 

4 . 

0 . 

14 . 

.0 

.0 

.0 

3159.8 

0 . 

.02 


1.0 

1.5 

• 0 

20 . 


0 . 

50 . 

• 01 

25 . 

1 . 

4 . 

1 . 

14 . 

4 . 

.0001 
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FItS: VAfiXATfi DATA 


A 


CO«?H’ ATIOBAL BON ITCH ST ST SB 


5 * 

*02 

0 . 

1 . 

10 . 

. 0 . 

0 . 

1 * 

10 . 

•025 

0 . 

1 . 

10 . 

• 05 

0 * 

1 . 

10 , 

.005 

100000 . 

1 * 

15 . 

.1 

0 . 

32 . 

0 . 

• 06 

450000 * 

2 . 

15 . 

.1 

450000 . 

1 . 

15 . 

.1 

6COOOO. 

3 # 

0 . 

0 . 

0 . 

10 . 

0 . 

.2 

0 . 

60 , 

0 . 

1 . 

0 . 

1 . 

15 . 

• 04 
0 . 
i. 

15 . 

• 1 
0 . 


11 . 

5 . 

15000 * 

1 . 

00 . 

0 . 

5000 . 

1 . 

11 . 

20 . 

1000 . 

1 . 

12 . 

15 . 

1316 . 

1 . 

2110 . 

15 . 

400 . 

1 . 

1 1 . 
15 . 

£ 0 . 

25 . 

21 .2 

75 . 

250 . 

2 . 

21 4 . 

25 . 

250 . 

1 . 

21 4 . 
25 . 

100 . 

3 . 

0 0 . 

0 . 

250 . 

7 . 

22 .7 
5000 . 
10 . 

0 . 

3 .05 

20 . 

140 . 

1 . 

21 6 . 
35 . 

500 . 

1 . 

21 4 . 

130 . 

120 . 


.01 

0 . 

0 . 

1 . 

0 . 

0 . 

10 . 

1 . 

• 5 

0 . 

5 . 

1 . 

• 25 

0 . 

.146 

1 . 

2 . 

0 . 

5 . 

1 . 

• 4 

0 . 

• 1 

1 . 

.75 

0 . 

.7 

1 . 

.35 

0 . 

.7 

1 . 

.35 

0 . 

1 . 

1 . 

0 . 

0 . 

.1 

1 * 

1 . 

0 . 

0 . 

1 . 

0 . 

0 . 

.5 

1 . 

.25 

0 . 

i, 

.25 

0 . 

0 . 


• 1 

20 . 

2000. 

5 . 

0 . 

1 . 

500 . 

5 . 

2 . 

1 . 

100 . 

2 . 

1 . 

6 . 

354 . 

20 . 

.05 

2 . 

73 . 

.2 

1 . 

1 . 

.3 

0 . 

.03 

40 . 

22.5 

.1 

•03 

2 c 

22.5 

.1 

.03 

1 . 

30 . 

0 . 

0 . 

3 . 

.1 

0 . 

.03 

10 . 

.5 

0 . 

• 05 

0 . 

10 . 

.01 

.03 

2 . 

20 . 

.01 

.03 

2 . 

15 . 


2 . 

.0001 


3 . 

• 001 


40 . 

.001 


2 . 

• 002 


.15 

.0001 


• 010 

0 . 


• 3 

.00001 


•3 

.00001 


1 . 

0 . 


• 005 

0 . 


.003 

0 . 


.1 

•00001 


• 1 

•00001 


• 05 
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FILE* YA6XATE 

CAIA A 


CONV EBSATXON AI» 

BOHXZOB SISTER 

1. 

1. 

1. 

0* 

0. 

0, 

3 4.1 

0. 

• 03 


0. 

0. 

0. 

0. 


0. 

500. 

.1 

. 1 

.005 

2. 

2. 

1. 

0. 

0. 

0. 

22 *7 

1. 

•03 


.2 

5000. 

0. 

4. 


0, 

50. 

• 1 

• a 

.007 

4* 

2. 

1. 

0. 

0. 

0. 

21 .2 

.75 

• 03 


•06 

75. 

0. 

40. 


0. 

250. 

5. 

15. 

• 024 

1. 

1. 

1. 

.01 

•00004 

IS* 

21 1. 

2.5 

• 03 


•04 

135. 

0. 

2. 


0* 

10. 

0. 

.5 

.ooi 

4* 

0. 

1. 

0. 

0. 

0. 

3 .05 

0. 

• 05 


1. 

20. 

0. 

0. 


0. 

3500. 

2.5 

20. 

.25 

1. 

1. 

1. 

5. 

.001 

25. 

215. 

1. 

• 05 


• 05 

25. 

0. 

2. 


0* 

100. 

0. 

• 1 

.005 

1. 

0. 

1. 

0* 

0. 

0* 

32. 


0. *03 


1* 

1000. 

0. 

2. 


0* 

10. 

c. 

.5 

.003 

2. 

0. 

1. 

0. 

0. 

0. 

3.05 

0. 

.05 


1. 

20. 

0. 

0. 


0. 

20. 

0. 

1. 

.01 

1. 

0. 

1. 

• 1 

0. 

0. 

00. 

0. 

0. 


0. 

0. 

o. 

2. 


25JO0. 

50. 


5. 

.25 

13. 

13. 

14. 

.1 

.00001 

15. 

211. 

.4 

.03 


• 05 

10. 

0. 

13. 


0. 

60. 

0. 

• 6 

.015 

13. 

0. 

14. 

- 0, 

0. 

0. 

3705. 

0. 

.02 


1. 

100. 

0. 

0. 


75C00. 

500. 

• 5 

25. 

1. 

1. 

1. 

14. 

.1 

.00001 

15. 

212. 

.3 

• 03 


• 05 

20. 

0. 

1. 


0. 

60. 

0. 

• 6 

* , 15 

1. 

0. 

14. 

0. 

0. 

0. 

3705. 

0. 

• 02 


1. 

100. 

0. 

0. 


25000. 

10. 

0. 

.5 

.005 

22. 

0. 

14. 

0. 

0. 

0. 

CO. 

0. 

0. 


0* 

0. 

0. 

0. 



A78 



FILE: VABIATE .CATA A CONV f ASA <l> lOliAI> B0NX70B STS1* 

0. 10. 0. .5 .003 


112. 

0 . 

14. 

0 . 

0 . 

0 . 

3.05 

0 . 

in 

o 

. 


1. 

20. 

0 . 

0 . 


5000* 

1000. 

c 

m . 

50. 

.5 

1. 

1. 

14. 

1. 

• 0001 

15. 

211. 

2.5 

.03 


.05 

40. 

0 . 

1. 


0 . 

10. 

0. 

.5 

• 003 

150. 

0 . 

14. 

0 . 

0. 

0 . 

3.05 

0 . 

.05 


1. 

20. 

0 . 

0 . 


5000# 

1500. 

1. 

20. 

.005 

1. 

1. 

14. 

. 1 

•00001 

15. 

15. 

• 05 

.2 


.05 

20. 

0 . 

1. 


10000. 

1000. 

4. 

300. 

2. 

1. 

1. 

14. 

• 1 

•00005 

15. 

11. 

0 . 

.25 


.05 

0. 

0. 



1000. 

:oo. 

.01 

* 

.002 

1. 

i. 

14. 


0 . 

0 . 

22.1 

1. 

C 3 


.05 

50. 

0. 



5000. 

2000. 

.01 

w » . 

2.5 

1. 

1. 

14. 

»> < 

•00001 

15. 

1.5 

.01 



.1 

150. 

0. 

* 


3000000. 

75000. 

75. 

«- . 

2m 

• 001 

20. 




500000. 

5C0C0. 

500. 

2. 

5. 

.001 

20. 




2COOOOO. 

100000. 

100. 

2. 


.001 

2 . • 




0 . 

1C00C0. 

100. 

2. 

2. 

.001 

20. 




0 . 

60000. 

6C0 • 

4m . 

5. 

.001 

20. 




5000000. 

250000. 

250. 

2 . 

5. 

.001 

20. 




0 . 

500000. 

SCO. 

2. 

5. 

.001 

20. 




0 . 

50000. 

50. 

2. 

2. 

.001 

20. 




0 . 

ICOOOO. 

100. 

2. 

2. 

• 001 

20. 




0. 

25000. 

25. 

2. 

2. 

• 001 

20. 




0 . 

50000. 

50. 

2. 

2. 

• 001 

20. 




0 . 

250000. 

250. 

2. 

5. 

.001 

20. 




7 . 

25000. 

25. 

2. 

1. 

001 

20. 




t * 

50000. 

50. 

2. 

2. 


58 
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PILE: 7ABXATE XAZA 


A 


CCBVEBSATXOBAL HOHITOB SXSTBfl 


.001 

20. 




0. 

.001 

50000. 

20. 

50. 

2. 

2. 

0. 

• 001 

50000. 

20. 

500. 

2. 

5. 

0. 

• 001 

50000. 

20. 

50. 

2. 

2. 

0* 

.001 

25000. 

20. 

25. 

2. 

1. 

0. 

• 001 

50000. 

20. 

50. 

2. 

2. 

2400000. 
• 001 

120000. 

20. 

120. 

2. 

2. 

2000000. . 
• 001 

1QGC00. 

20. 

100. 

2. 

2« 

2QCOOOO. 

.001 

2CQ00C. 

20. 

200. 

2. 

2. 

160000. 

.001 

8000. 

20. 

8. 

1. 

1. 

aocoooo. 
• 001 

150 000. 
2C. 

ISC. 

2. 

1. 

0. 

• 001 

1C0000. 

20. 

ICO. 

2. 

2* 

0. 

.001 

60000. 

20. 

600. 

2. 

5. 

scoooc. 

.001 

50000. 

20. 

50 0. 

2. 

5. 

0. 

.001 

500000. 

20. 

500. 

2. 

5. 

0. 

.001 

100000. 

20. 

100. 

~ . 

2. 

0. 

• 001 

6c:?o. 

2C 

600. 

2. 

5. 

0. 

• 001 

50000. 

20. 

500. 

2. 

5* 

0. 

• ot? 

500000. 

20. 

500. 

2. 

5. 

0. 

• 0C1 

0COO. 

20. 

8. 

1. 

1. 

225000. 

.001 

22500. 

20. 

225. 

2. 

2. 

0. 

• 001 

22500. 

20. 

225. 

2. 

2. 

0. 

• 001 

icoooo. 

20. 

100. 

2. 

2. 

0. 

• 001 

206000. 

20. 

200. 

2. 

2m 

• © 
o • 
o 

8C00. 

20. 

8. 

1. 

1. 

0. 

.0C1 

150000. 

20. 

150. 

2. 

1. 

0. 

.001 

120000. 

20. 

120. 

2. 

2. 

50000. 
• 001 

5000. 

20. 

50. 

2. 

2. 


A80 



FILE: VARIATE EAT A 


A 


CO MV EES AT ION AL HO HI TOR SYSTEH 


250000. 

25000. 

250* 

2i 

5. 

.001 

20* 




5COOOO. 

5COOO. 

500. 

2. 

5. 

.001 

20. 




216000. 

0000. 

200. 

16. 

08. 

.001 

20. 




100000. 

2000* 

100. 

5. 

3. 

.001 

20. 





0 . 

0 . 

0 . 

0 . 

0 . 

0. 

0 . 

0. 
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TABIC or STATION BUT* CYCLE (S1ATCC) , ft ACTION Of RYPLACIHINTS OBTAINED ON AN IHCN6BNCr BASIE (EARTH) , 
CCNPCNENT AVtRAUL FAILVtt A EPLACl HANTS IN WAAEHCUSC AT BtGINNJNO Or tELXVER Y PERIOD (NOS BAN ) , NOBBYN ON 
CRAWLERS (NCCRAW) , CRAWLER UTILIZATION PACTOA|CUPJ, NUHBIR GY TELEOPEBATOBS ( NGTALE) , TELEOPt BATON 
UTILIZATION f ACTOR (TUP) , NUN ICR Or REPAIR AUTOHATONS < NCAUTO) , RUBBER OP CLEAN XNO HACHIWIS (NOCLN) « 
NURREK or HU3AR3 ICR T! IICP; JATCP SUPERVISOR* CONTROL (HOIIUH1) , AND NUflBBR Of HORANS YON REPAID NORN 
(SOIIUSJ), POP IN El VIDUAL COHPCNtNTS 0 f A 1ACII1NC OTOTALED OVER AIL THE STBIPS> 



STATCC 

EARTH 

HCSPAR H OCR AN 

CUP NOTE IE 

TUF 

Mn'QTO 

NOCLN 

NOB 01) 1 

BP80B2 

THEB6AL BELT 



MACHINE 

DOT* 

CYCLE (EACHDC) *0 

.99112 





OIL! 

1.00000 

0.0 

0.0 

0* 

0.0 0.0 

0.0 

0. 

0. 

0.0 

0.0 

flOTOB/DE. XV L 

On iS912 

0.0066 

172.5 

0. 

0.0 0.099 

0.069 

0. 

0 . 

0.0246 

0.0 

EKO POLLERS 

0.99950 

0.0066 

345.1 

0. 

0.0 0.107 

0.075 

0. 

0. 

0.0267 

0.0 

TUBLHAL CONTBOl 

0.99900 

0.0066 

345.1 

0. 

0.0 0.107 

0.075 

0. 

0 . 

0.0)21 

0.0 

DV OF Al BE A3 CONTACT 



MACHINE 

DUX! 

CYCLE (EACUDCJ *0 

•99935 

« 




£3 GUM 

0.9996b 

0.C066 

17 25.3 

1# 

0. 584 0.0 

0.0 

1. 

0 . 

0.0 

0.0 

P1LAIUVT M AGAZI NE 

1.00000 

0.0 

2711.2 

1. 

0.584 0.0 

0.0 

0. 

0 . 

0.0 

0.0 

SLAB PEtDEB 

0. 999U6 

0.0066 

690. 1 

1. 

0.SB4 0.0 

0.0 

1. 

0. 

0.0 

0.0 

PANEL J AFPLE 

I.OCOOO 

0.0 

9070.3 

1. 

0.504 0.0 

0.0 

0. 

0 . 

0.0 

0.0 

SIDE BAFFLE 

1.CCCC0 

C.O 

647.9 

1. 

0.584 0.0 

0.0 

0. 

0. 

0.0 

0.0 

SI DL BAFFLt GUIDE 

0.599B4 

0.0066 

24.6 

1. 

0. 584 0.002 

0.001 

0 . 

0 . 

0.0002 

0.0 

COOLING SfSTEH 

0. 5996b 

C.CC66 

662.7 

1. 

0.584 ..0 

0.0 

1. 

0. 

0.0 

0.0 

Of OP SI N f *EF AND P-DCPANT 

IMPLANTATION 

MACHINE 

DUTI 

CYCLE (HACHDCJ *0.996(8 





f 3 G i» 

0.99966 

0.0066 

17253.3 

10. 

0.709 0.0 

0.0 

1. 

0. 

0.0 

0.0 

FllABLil? MAGAZINE 

1.CC0CC 

C.O 

27112.3 

10. 

0.709 0.0 

0.0 

0. 

0 . 

0.0 

0.0 

SLAB PtEUFK 

0.99906 

0.0066 

6901.3 

10. 

0.709 0.0 

0.0 

1. 

0 . 

0.0 

0,0 

f'-N-l B A f f t E 

I.COCOO 

C.O 

157547.3 

10. 

0.709 0.0 

0.0 

0. 

0. 

0.0 

0.0 

SIDE DA1FLE 

1.C0000 

0.0 

5626.7 

10. 

0.709 0.0 

0.0 

0. 

0 . 

0.0 

0.0 

SIDE DAI FIE GUIDE 

0.559*'! 

C.C066 

49.3 

10. 

0.709 0.004 

0.002 

0. 

0. 

0.0004 

0.0 

BCFCK IC K XRFLABTES 

0. 999 €6 

O.COCt 

1/251.3 

10. 

0.709 0.0 

0.0 

1. 

0. 

0.0 

0.0 

COOLING sis rs» 

0.99932 

0.0066 

1725.3 

10. 

0.709 0.0 

0.0 

1. 

0. 

0.0 

0.0 

PULSE RECfi 1ST ALII ZATICJ 



MACHINE 

DUTf 

CYCLE ( 8 AC BDC ] *0.999(6 





EB CUN 

0.99966 

0.C066 

1725.3 

1. 

0.294 0.0 

0.0 

1. 

0. 

0.0 

0.0 

FILAR ENT BACAZINB 

1.CC0C0 

0.0 

1232.4 

1 . 

0.29 4 0.0 

0.0 

0. 

0. 

0.0 

0.0 

COOLING ST STEM 

0.99966 

0.0066 

062.7 

1. 

0.294 0.0 

0.0 

1. 

0. 

0.0 

0.0 



A83 


SCI I BECBT STALL 12 17 ION MACHINE DUTI CTCLE (lUCHDCj ■0.99966 


ED GUN 

0.99966 

0.0066 

1725 , 7 

1 . 

0.265 

0.0 

0.0 

1 . 

0 . 

0.0 

0.0 

FILAMENT MAGAZINE 

1 . C 000 C 

c.o 

739.4 

1 . 

0.28 5 

0.0 

0.0 

0 . 

0 . 

0.0 

0.0 

COOL INC sr STEM 

0,99966 

0,0066 

662.7 

1 . 

0.285 

0.0 

0.0 . 

1 . 

0 . 

0.0 

0.0 

■-OOEHT IBSlimUC* 



MACHINE 

DOTT 

CYCLE l BACHDC ) 

• 0.99933 





PHOSPHORUS ION xaPLANTEH 

0.99967 

0 • f 0 66 

17 25 . 3 

1 . 

0 . 160 

0.0 

0.0 

1 . 

0 . 

0.0 

0.0 

ANNEAL 



MACHINE 

DUTT 

CYCLE [IMCHDCj 

- 0.99966 





E 8 GUN 

0 . 99966 

0 * C 066 

1725.3 

1 . 

0 . 265 

0.0 

0.0 

1 . 

0 . 

0.0 

0.0 

FILAMENT 3AGA2IUE 

1 .cccoo 

0.0 

739.4 

1 . 

0.285 

0.0 

0.0 

0 . 

0 . 

0.0 

0.0 

COOLING S 1 SZZ * 

0 . 99966 

0.0066 

662 . 7 

1 , 

0.265 

0.0 

0.0 

1 . 

0 . 

0.0 

0.0 

Of OP AT PBC NT CONTACT 

* 


MACHINE 

DUTT 

CYCLE [ HLCHDC ) 

- 0.99656 





10 GUN 

0,99966 

0.0066 

3450.7 

6 . 

0 . 702 

0.0 

0.0 

1 . 

0 . 

0.0 

0.0 

FILAMENT fAGAZlBE 

1 . CC 0 C 0 

c.o 

1971.8' 

6 . 

0.702 

0.0 

0.0 

0 . 

0 . 

0.0 

0.0 

SIAU FEED; 8 

0 . 999 U 6 

0.0066 

1300 , 3 

6 . 

0.702 

0.0 

0.0 

1 . 

0 . 

0.0 

0.0 

MASK 

1.CCC00 

0.0 

27.0 

6 . 

0.702 

0.0 

0.0 

0 . 

20 . 

0.0 

0.0 

MASK GUIDE AND &OLLUP 

0. 9SU93 

C.CQ66 

i ’ 25.3 

6 . 

0.702 

0.192 

0.134 

0 . 

0 . 

0.0364 

0.0 

f ANLL EAfPLE 

1.COOOO 

C.O 

9070. 3 

6 , 

0.702 

0.0 

0.0 

0 . 

0 . 

0.0 

0.0 

SIDL DAPFLE 

1 . CCCC 0 

C.O 

647.9 

6 » 

0.702 

0.0 

0.0 

0 . 

0 . 

0.0 

0.0 

SIDE i)A F °L E GUIDE 

0. 99904 

0.006b 

49 . 3 

6 . 

0 . 702 

0.004 

i 0.002 

0 . 

0 , 

0.0004 

0.0 

COOLING STSTEN 

0.99972 

0 . C 066 

1725.3 

6 . 

0.702 

0.0 

0.0 

1 . 

0 . 

0.0 

0.0 

FRONT CONTACT SINTiKIHG 



MACHINE 

DUTT 

CYCLE £ BACHDC ] 

• 0.99966 

# 




l 9 GUN 

0,99906 

0 .C 006 

1725.3 

1 . 

0 . 20 S 

0.0 

0.0 

1 . 

0 , 

0.0 

0.0 

F TLA BE NT MAGAZINE 

UCOOCC 

C.O 

739.4 

1 , 

0.295 

0,0 

0.0 

0 . 

0 . 

0.0 

0,0 

wCOLING ST STEfl 

C- 9966 

0 . D 066 

882,7 

1 . 

0 . 28 

0.0 

0.0 

1 . 

0 . 

0.0 

0,0 

CELL C3CSSCUT 



MACHINE 

DUTT 

CYCLE t HLCHDC ] 

- 0.99933 





LASER 

0.99937 

0.0066 

1725 . 3 

i . 

0.200 

0,0 

0.0 

1 . 

0 . 

0.0 

0.0 

KfcTPTON LAMP MAGAZINE 

1 .COCOC 

C.O 

246.5 

i . 

0.200 

0.0 

0.0 

0 . 

0 . 

0.0 

0.0 

GUIDE BClldBG 

1 . 00000 

0.0 

12 , 3 

i. 

0.200 

0.0 

0,0 

0 . 

0 . 

0.0 

0,0 

sumo 

1 . C 0000 

0.0 

0.0 

i. 

0.200 

0.0 

0.0 

0 . 

0 . 

0.0 

0.0 
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ceil. IHTEBCCIliECTICN II ACM HE POTT CICIE f HACH0C) *0.99907 


tLECTRCSTATIC NfclDER 

0.59948 

0.0066 

1380.3 

1. 

0.220 

0.0 

0.0 

1. 

0 * 

0.0 

0.0 

I ATER CONNECT Ft E OCR 

0.19574 

0.0066 

690.1 

1. 

0.220 

0.0 

0.0 

1* 

0 * 

0.0 

0.0 

INTtRCOHLCT BtLL 

1. 00000 

0.0 

8691.3 

1. 

0.220 

0.0 

0.0 

0 . 

0 * 

0.0 

0.0 

SLNSoRS 

0* 59995 

C .0066 

241.9 

1. 

0.220 

0.0 

0.0 

0 . 

0 * 

0.0 

0.0394 

VARIABLE SPEED BOHEBS 

0.99999 

0.C066 

130.0 

1. 

0.220 

0.0 

0.0 

1. 

0 . 

0*0 

0.0 

aOTCR 

0.L9994 

0.0066 

172.5 

U 

0.220 

0,0 

0.0 

1. 

0 * 

0.0 

0.0 

GUIDE BOILERS 

1.C0CC0 

0.0 

24.6 

1. 

0.220 

0.0 

0*0 

0 * 

0 * 

0.0 

0.0 

DV OP SILICA OPTICAL CCYEB 



MACHINE 

DOT! 

CICIE [ flACUDC J * 0 . 

99504 





EB GU* 

0.99966 

0.0066 

25879.9 

14. 

0.714 

0.0 

0.0 

2. 

0 . 

0.0 

0.0 

PHARE NT MAGAZINE 

1.COOCO 

C.O 

40666.5 

14. 

0.714 

0.0 

0.0 

0 . 

0 . 

0.0 

0.0 

SLAB PEEDiL 

0.99986 

0.0066 

10352.0 

14. 

0.714 

0.0 

0.0 

1. 

0 . 

0.0 

0.0 

MASKING OEVICE 

0.99966 

0.0066 

862.7 

14. 

0.714 

0.0 

0.0 

1. 

0 * 

0.0 

0.0 

T-STBIP MASK PACKAGE 

1 .00900 

C.O 

2.1 

14. 

0.714 

0.0 

0.0 

0 . 

2. 

0.0 

0.0 

CIYG2N CISPENSEB 

0.95987 

C • 0066 

10 35.2 

14. 

0.714 

0.055 

0.036 

0 . 

0 . 

0.0 

0.0 

PANEL EAPFLE 

1.CCOCO 

C.O 

236320.9 

14 • 

0.714 

0.0 

0.0 

0. 

0 * 

0.0 

0.0 

SIDE BAFFLE 

1.00900 

0.0 

8440.0 

14. 

0.714 

0.0 

0.0 

0. 

0 . 

0.0 

0.0 

SID2 EAFPLL GUIDE 

0.99984 

0.0066 

73.9 

14. 

0.714 

0.005 

0.004 

0 * 

0. 

0.0005 

0.0 

SCPI SURFACE BELT 

1.00000 

0.0 

0.0 

14. 

0,714 

0.0 

0.0 

0 . 

0 . 

0 5 

0.0 

nCTCR/DFIVL 

0.99912 

0.0066 

172.5 

14. 

0.714 

0.099 

0.069 

0 . 

0 . 

0.0240 

0.0 

END ROLLER 

0.99900 

0.0066 

345.1 

14. 

0.714 

0.107 

0.075 

0 . 

0 . 

0.0267 

0.0 

COOLING SUTEJf 

0.99898 

0.0066 

2588.0 

14. 

0.714 

0.0 

0.0 

1. 

0 . 

0.0 

0.0 

DV OP SILICA SUOSIRATL 



MACHINE DUTY 

CYCLE ( HACI10C ) *0. 

99600 





EB GUK 

0.9996b 

0.0066 

17253. 3 

10. 

0.697 

0.0 

0.0 

1. 

9. 

0.0 

0.0 

F IL AMENT MAGAZINE 

1 .CCOCC 

C.O 

27112.3 

10. 

0.697 

0.0 

0.0 

0 . 

0 . 

0.0 

0.0 

SLAB FEEDER 

0. 9990b 

0.0066 

6901. 3 

10. 

0.697 

0.0 

0.0 

1. 

6 * 

0.0 

0.0 

MASKING DEVICE 

0.99966 

0.0066 

062.7 

10. 

0.637 

0.0 

0.0 

1. 

* • 

0.0 

0.0 

T-STRI if MASK PACKAGE 

i.ccooc 

C.C 

1.4 

10. 

0,697 

0.0 

0.0 

0. 

1. 

0.0 

0.0 

CiYCLN CIS PEN 5E b 

0.99988 

0.0066 

699. 1 

10. 

0.697 

0.031 

0.022 

0 . 

0 . 

0.0 

0.0 

PANEL CAFPLE 

1.CCC0C 

C.C 

157547.3 

10. 

0.697 

0.0 

0.0 

0 . 

0. 

0.0 

0.0 

SI 0 E DAPPLE 

l.'QCOO 

0.0 

5626,7 

10. 

0,697 

0.0 

0.0 

0 . 

0. 

0.0 

0.0 

SI Do EAFPLE GUIDE 

0.99904 

0.0066 

49.3 

10. 

0.697 

0.004 

0,002 

0. 

0. 

0.0004 

0.0 

SC PT SURFACE BELT 

1.00000 

0.0 

C.O 

10. 

0.697 

0.0 

0.0 

0. 

0. 

0.0 

0.0 

BCTCR/OFIYZ 

0.99912 

C .0066 

172.5 

10, 

0.697 

0.099 

0.069 

0. 

0. 

0.0248 

0.0 

END BOILER 

0. 999 C 0 

C.C066 

345.1 

10. 

0.697 

0.107 

0.075 

0. 

0. 

0.0267 

0.0 

COOLING SYSTEM 

0. 99932 

0.0066 

17 25.3 

10. 

0.697 

0.0 

0.0 

1. 

0. 

0.0 

0.0 

PANEL ALIGNMENT & SPAR E PANE*. INSERTION 

MACHINE 

DUTY 

CYCLE (BACHDCJ *9. 

99873 





ACCELERATOR BELT 

0.99990 

0.0O66 

172,5 

1. 

0.091 

0.053 

0.037 

0* 

0. 

0.0214 

0.0 

V AH 1 ABLE SPEED ROLLERS 

0.55999 

C *0066 

1104.2 

•1 # 

0,09 1 

0.0 

0.0 

1* 

0. 

0.0 

0.0 

PANEL RMOVPH 

0. 59974 

0.C066 

1300.3 

1. 

0.091 

0.0 

0.0 

1, 

0. 

0.0 

0.0 

PANEL INSLRTER 

0.55574 

C .C 066 

690.1 

1. 

0.091 

0.0 

0.0 

1* 

0* 

0.0 

0.0 

PANEL HC E PEP 

1.00000 

0.0 

0.0 

1. 

0.091 

0.0 

0.0 

0. 

0. 

0.0 

0.0 

SENSORS 

0.99999 

0.0066 

1207.7 

1. 

0.09 1 

0.0 

0.0 

0. 

0. 

0.0 

0.1970 

GUIDE PCItEHS 

1.C0CC0 

C.O 

369.7 

1. 

0.091 

0.0 

0.0 

0* 

0. 

0.0 

0.0 



p». ‘TEPCCNNSCTICN BACHINE DUTY CYCLE (BACHDCJ *0.99906 


LL^TFOEIATIC NLLDER 

0.99949 

0.0066 

1)00.3 

1 . 

0.051 

0.0 

0.0 

1 . 

0 . 

0.0 

0.0 

INTSICCNNLCT 

0.99974 

0.0066 

690,1 

1. 

0.051 

0.0 

0.0 

1 . 

0 , 

0.0 

0.0 

ISTEPICNSECT hell 

1 *00000 

0.0 

506,3 

1. 

0.051 

0.0 

0,0 

0 . 

0 . 

0.0 

o.o 

SINSOpS 

0.99946 

C* 0066 

241.5 

1. 

0.051 

0.0 

0.0 

0 . 

0 . 

0.0 

0.0394 

YA&IABLS SPEED EOLLLHS 

0. $9999 

0.0066 

130.0 

1. 

0.051 

0.0 

0.0 

1. 

0 . 

0.0 

0.0 

MOTOR 

0 , 9999 M 

C -0066 

172.6 

1 . 

0.051 

O.Q 

0.0 

1. 

0 . 

0.0 

0.0 

C UIOZ hZLL£h3 

1.00000 

0.0 

2*1.6 

1. 

0.051 

0.0 

0.0 

0 . 

0 . 

c.o 

0.0 


10 MG ITULIHAL CUT 



MACHINE 

DUTY 

CYCLE [ fl ACHOC J »0 

• 99967 





LASER 

0.59967 

0.0066 

06 2.7 

1. 

0. 104 

0,0 

0.0 

1* 

0. 

0.0 

0.0 

KRYPTON L A IP MAGAZINE 

1.CC0Q0 

C.O 

246.5 

1. 

0. 10 4 

0,0 

0.0 

0. 

0, 

0,0 

0*0 

GUIDE FCLLERS 

1, QOOOO 

0.0 

12. 3 

1. 

0. 184 

0,0 

O.Q 

0, 

0. 

0.0 

0.0 

SliXrLD 

1.00000 

0,0 

0.0 

1. 

0. 184 

0.0 

0.0 

0. 

0. 

0.0 

0.0 

K APTC N TAFE APPLICATION 



MACHINE 

DUTY 

CYCLE [MA 

CHDC ] «0 

,99096 





STATIONARY TAPER 

0. 99993 

0.0066 

160. 2 

2. 

0. 697 

0.0 

0,0 

1. 

0, 

0.0 

0.0 

STATIONARY TAPE REFILL 

1.CCCCG 

C.O 

fl067t .7 

2. 

0.b97 

0.0 

0.0 

0* 

0. 

0.0 

0.0 

CROSS T^Lit 

0. $49b7 

0.0066 

24. C 

2. 

0.697 

0.0 

0.0 

1. 

0. 

0.0 

0.0 

CLjjS TAPl psfill 

1 ,C JOCO 

C.O 

6205.9 

2. 

0. 69 7 

0.0 

0.0 

0. 

0. 

0.0 

0.0 

SOFT PClL-R 

1.00000 

O.C 

0. 0 

t 4 

0.697 

0.0 

0.0 

0. 

0. 

0.0 

0,0 

GUIGt F'CLLtRS 

I.OCOCO 

0,0 

4 9. 3 

2, 

0. 69 7 

0.0 

0.0 

0. 

0. 

0.0 

o.o 

CROSS TAPS MOTC* 

0. $5993 

C.CC66 

12.3 

2. 

0.697 

0.0 

0.0 

1. 

0. 

0,0 

0.0 

A DBA ¥ 5 £0 3 E NT IOLC2NG AND 

PACKAGING 


MACHINE 

DUTY 

CYC LS (BACIICC] >0 

*99873 





GUI DE TOLLERS 

1.00000 

0.0 

67. B 

1. 

0.002 

0.0 

0.0 

0, 

0, 

0.0 

0.0 

VI- LICAL FL ECTCFS 

0.S59C2 

0.0066 

61.6 

1. 

0.002 

0.006 

0.004 

0, 

0. 

0.0015 

O.C 

ilC'A ALIGN .IE ST 

0.99979 

0.0066 

12,3 

1. 

0.002 

0.001 

0.001 

0. 

0, 

0.0 

0.0 

BO 1 LABELING 

0.55999 

0.0066 

1.2 

1. 

0.002 

0.0 

0.0 

0. 

0, 

0.0 

0,0002 

TIAIIINU LUGE CUlDi 

0.99993 

0.0066 

6,2 

1. 

0.002 

0,000 

0.000 

0, 

0. 

0.0001 

0.0 



SCL'S CEU FACTOFI CCST DBEAKDCiU 


TOTAL VCVBSCODHISG DJSIC? CCST IS X 1025776640. 
RACBIBES: $ 64022X56. 

VACHIVE BESEAFCB ANC CHELCFKE RT: S 21136400. 

BACBIVS TRASSFOFTAIICtf: S £52165024. 

SOL/9 FONgB ABBAY (FOB PBOCUCUO): $ 366631168, 


TOTAL VC VSECUSEIMG INDIRECT COST IS I 1741493250. 

HCVPBCDOCTIOV SCF EQUIFBEST PFCCU3E&EVT/B6C COST: S 13830497^0. 

SCF STRUCTURE: S 1243500250. 

BABE3CUSE: $ 29CC253. 

rcaX&OL CENTER: S 62COOOOO. 

BEPAlfi 4C&KSH3F: $ 1C354CC0. 

BlCfiOP3CC£SSOSS/Sf NSOBS: I 6890000. 

ABBAY SSGSSVT SICP AGE POXES: S 1S800. 

CBAMLEBS: : 152SC500. 

TEUCFEBATCFS: $ 15422421. 

BEPAIB ACTCVATOXS: $ 26303968. 

CLEG SING MACHINES: S 4CCCCQ. 

HABITAT PBCCOBEBEVI COST: S 16416000. 

SOVPaOOOCTZOV SOLAS FCNEB ABBAY FSCCQBE8E8T: S 5503363. 

HCSP8CC0CTIC3 SCF Tfi/XSPOaTATICS: $ 12S404S92. 

HABITAT TBAaSFCtTAUCfl. S U416CC0. 

SOLAB PCVES ASSAY IF.ANSPOBTATIC V: S 186067200. 

COST TC SET OF SCF: S 46264CS. 


TOTAL AtfSOAL BSCUESISG Cl SECT COST IS S 197416912. 

HUBAV SOPE RVISOBY COSIECL IA8CP: $ 10117800. 

HONAN aSPAia IABCF: S 9156CC. 

SOPFOBT CEEU LAECE: S 5518800* 

BACKING REPLACEMENT PARIS; S 27945600. 

SACHISE REPLACEMENT PARTS Tf A SSPC STATICS: $ 146916256. 

BACHI82 LXF* SCAE1ES: S 66E3E9. 

HACKISE EXPENDABLES ZF AbSPCFTATICR; S 5133307. 


TOTAL ANNUAL a • CO fiRING INDIRECT COST IS $ 6538916. 

CCNStJBMADLES: * U5S64. 

C0HS011SABLE5 TS AhSPOBTATICB: X 1655639. 

CBStf TRAINING: 3 54C0. 

CBEN TRANSPORTATION: $ 649CCG0. 

VCSPHCDUCTICN SCF EXPERCABLES: $ 38719. 

VCNPBODOCIION SCF EXPENDABLES TBA NSPCBTATICN : $ 193596. 


TBEEBAi BEIT 


BELT 0. 
BOTOH/DPIVE €162. 
E VO BOllEES 1222. 
THEPflAL C0NT301 586. 


Of OF AL BLAB CONTACT 

IB GUN 246. 
FILAOENi BAGA2i.dE 217. 
SLAB FEE Ota QSJ. 
PANEL E Af Fie 507. 
SICE CAE FLE 12550. 
SIDE EAF FL2 GUIDE 18. 
CCCLIN3 SI STE B 542. 


A85 



fit OF SI RAISE A3C P- DOPANT IffPLAfil J7ICB 

EB GUN 3C€1. 
PILAREB? MAGAZINE 2 169* 
SLAB PfcEDif. *915. 
f AMfL BAFFLE 7£77«. 
SIDE E APPLE 112534. 
SIDE BAFFLE GUIDE 35. 
BCRCM ICN INPIANTEB 6162. 
CCOUBG SISTER £€73. 


POISE PECR Y5IALLX ZATIOR 

EB GOB 123. 
FIHflrBT RAGAZ1NE 99. 
COOLISG SI SI £5 *92. 


SCAR ESC8IST ALIIZ AT1C8 

EB GUS 67. 
EILARER? SAGAZIHE 59. 
COOLXHG SISTER 365. 


B-DOPANI IBPLANIATICH 

PHOSPHORUS ION IRPIARTIB 616. 


ABKEAL 

EE GOB 62. 
FILA3EBT MAGAZINE 59. 
CCQLIHG SYSTEM 365. 


DV CF AL FRONT CC MI ACT 

IB GUN 54b. 
FILAMENT MAGAZINE 15b. 
SLAB FEEDER 566. 
BASK 522C35. 
P.'SK GUIDE AND SCLLUP 2CE09. 
FANIL EAFFLF 907. 
SItJfc BAFFLE 12S C 8. 
S T !> fc BAFFLE GUIDE 35. 
COOLING SYS7E8 739. 


PRC NT CCNTACT SINTERING 

EE GUN 62. 

AGAZINE 59. 

COOL YSIEM 345. 


CELL CROSSCUT 

LASFc «Ot5. 
KRIPTCN LAN? fl AGAZIFE OS. 
GDIEI RCLLEFS 12. 
SHIELD 0. 
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cm imaccsascticH 


ELECTROSTATIC ME1DE8 789. 

msbccmc? mots W 72 . 
xntebccsscct ecu o. 
ssnscbs 7. 
VABI ABLE sent ROLLERS 9. 
•eras S9. 
GOICE KCUEES 25. 


ct or SILICA OPTIC AL COVES 


EB COS 

FILAMENT MAGAZINE 
SUB Tie DEa 
a ASKING CEVICE 
1-STBLP MASK PACKAGE 
OXYGEN EISPENSER 
EASEL E APPLE 
SIDE BAFFLE 
SIDE 9APPLE 60XDE 
SCF1 SOSFACZ BELT 
BCTOB/EStVE 
ESD ROlIEt 
CCCtlSG STSTS3 


mji. 

5253. 
EE73. 
ei6. 
87. 
74, 
1 1E 160. 

ueect. 

S3. 
0. 
S3 13. 
2SE5. 
( 478 . 


17 OP SILICA SUBSTRATE 
£0 GOB 

PILAMEST MAGAZINE 
SLAB FEEU-ti 
BASKING CEVICE 
t-STKIP BASK PACKAGE 
OXYGEN CISEESSEB 
EASEL EAFflE 
SIDS BAEFIS 
SIDE BAFFLE GUIDE 
SCFT SURFACE BELI 
HOTOR/ERIVE 
ESD ROlliS 
COOLING SYSTEB 


3C81. 

2169. 

*913. 

616. 

58. 

49. 

7074. 

112534. 

35. 

0. 

3081. 

24(5. 

4363. 


BASEL ALIGNMENT 6 SPARE PANEL XNSEBTICN 


ACCEURXTCB BELT 1725. 
VARIABLE SPIES RCUENS 76. 
EANEl R3KCVSB 4437. 
EASEL IVSLRTEE 2218. 
PANEL HOPPER 0. 
SEBSCPS 25. 
GUIDE BCLLSBS 370. 


PANEL XNTESCONNECTICH 

ELECTROSTATIC NELDEB 709. 
INTEBCCHHECI EHCEB 102. 
XNTIFCCNSECT ECLL 0. 
SENSORS 7. 
VARIABtE SPEED ECLLEBS 9. 
BOTOB 148. 
GUIDE ECLLEBS 25. 
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iCVGlTQOmi cut 


LASER 1232. 

R BY PTC A US! PA GAZJHE 49. 

com BOILERS 12. 

SHIELD O. 


KAPTCB TAPI APPLICATION 

STATIC BABY TAEfB 57. 
5TATI0NAS Y TAPE REFILL S6612. 
(BOSS TAPER M. 
CROSS TAPE REFILL 7047. 
SOPT ROLLER 0. 
COICI B CALEBS 49* 
CROSS TAPS 80TCB 44. 


ARRAY SEG5EST FOLDING ARD PACKAGING 


GUIDE ECLLEBS 

68 

VERTICAL DEFLECTORS 

86 . 

fox aljgnteh; 

264 

BOX lABetiRG 

0 

TSAILLHG EDGE GUIDE 

44. 


SCLAB CELL FACTORY SA JOB COST DBIYING FACTORS 


LIFLCYCU CCST: i 4520S135«0. 

CCST CF SCF/SY? PER EPS ?*CZL CIZz I 226721184. 

ROflfEB CF SIS P6CCUC10 F Lb t SAB ; C.99 

SCF DUTY CYCLE : .5781 

ASSCRDLY CPcEAIICH DOTY CYCiS: .9952 

R 0.1 £ E R OF PRODUCT ICH SIFIPS 252. 

PEOPLE TC ScX C? SCf/SIf: 10. 

CCST TO SIT UP 5CF/S3F: 5 «62t4C9. 

YEARLY fc£F0a 9ISIISENT PAFTS (8LP LACE PESl * ♦£! Pf BCABLkS,KG) t 1476406. 
TOT A l SCf/SFF RAGS (KG) : 38l5«26. 

FFOCUCTICM .1 AC H l S* E *■ Y •»S5(KG): 5496544. 

UCS PFCDJCTICN LlUirNEXY 1ASS(KG): 1294C50. 

dAifllA: IASS (KG): 164160. 

SOLAP PDWLK A E 3 A Y IASS (KG) : 1660672. 

TOTAL SCF/SJ1F ?CWtF(K«): 18606 J • 

PPCDUCIIC;; BACHINEFT ECliEMKb): 183316. 

NOH PFCDUcTICN FCUIP15NT PObiB(KB) 2266. 

BABITAT PCWEP (KO) : 466. 

SCF WAREHOUSE VOIUNI (CF): 11601. 

SASS OF UiFfEL pEPLACLRcHT FABIS IB VASE HOUSZ (KG )S 35309. 

COST CF dUFfU. F SPLACIrt-Nl i APIS IB WAREHOUSE $ 1106034. 

BU1PES 0? TELtCPtRATCIiS: 1. 

NUNELH CF tfiXmliHS: 54. 

TOTAL SCF/SV CREW: 54. 

SUPEBV ISCP Y CC NT6CL CFEM: 33. 

REPAIR CilEO: 3. 

SUPPCBT CP 54 : 18. 
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